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A B S T R A C T 
V i s u a l l a y o u t t e c h n i q u e s h a v e g e n e r a l l y b e e n l i m i t e d 
i n a p p l i c a t i o n t o l a r g e s c a l e o r m a s s p r o d u c t i o n t y p e s o f 
e n t e r p r i s e s w h i l e s m a l l e r e n t e r p r i s e s h a v e s e l d o m u s e d s u c h 
t e c h n i q u e s . T h e p u r p o s e o f t h i s t h e s i s i s t o d e t e r m i n e 
w h i c h o f t h e s e v e r a l t e c h n i q u e s o f s c i e n t i f i c l a y o u t w o u l d 
b e s t s a t i s f y t h e r e q u i r e m e n t s o f a t y p i c a l j o b s h o p l a y o u t 
o r r e - l a y o u t . 
S p e c i f i c a l l y , a m e d i u m s i z e j o b m a c h i n e s h o p w a s 
s e l e c t e d a s t h e a r e a o f s t u d y s i n c e t h i s t y p e e n t e r p r i s e w e l l 
r e p r e s e n t s t h e s m a l l e r m e t a l w o r k i n g t r a d e s . A f t e r d e f i n i n g 
t h e m e d i u m s i z e j o b s h o p , a t y p i c a l s h o p w a s s e l e c t e d i n 
a c c o r d a n c e w i t h t h e d e f i n i t i o n . W i t h a s s u m e d c o n d i t i o n s o f 
s p a c e , p e r s o n n e l , e q u i p m e n t , a n d f a c i l i t i e s , t h e s h o p w a s 
a r r a n g e d b y e a c h o f f o u r m e t h o d s - - d r a f t i n g , t e m p l e t s , m o d e l s , 
a n d t e m p l e t s a n d m o d e l s . T h e f i n a l l a y o u t o b t a i n e d b y t h e 
f i r s t t e c h n i q u e w a s d u p l i c a t e d u s i n g e a c h o f t h e o t h e r 
m e t h o d s i n t u r n t o p r o v i d e a b a s i s o f c o m p a r i s o n o f t h e 
t e c h n i q u e s . A d e t a i l e d r e c o r d o f p r o c e d u r e d u r i n g t h e 
i n i t i a l l a y o u t p r o v i d e d a s t a n d a r d s e q u e n c e f o r t h e s u b s e ­
q u e n t l a y o u t s i n o r d e r t o m i n i m i z e l e a r n i n g e f f e c t s . 
T h e f o l l o w i n g c r i t e r i a w e r e c o n s i d e r e d s i g n i f i c a n t 
i n j o b s h o p o p e r a t i o n s f o r t h e e v a l u a t i o n o f l a y o u t 
t e c h n i q u e s : (1) c o s t o f l a b o r a n d m a t e r i a l s , ( 2 ) t i m e 
v i i 
I 
r e q u i r e d t o a c c o m p l i s h l a y o u t , (3) f l e x i b i l i t y o f t h e l a y o u t 
i n t e r m s o f a d d i t i o n a l l a b o r c o s t a n d t i m e f o r r e - a r r a n g e m e n t , 
(!+) e d u c a t i o n a l l e v e l r e q u i r e d t o p e r f o r m t h e l a y o u t , (5) 
m e n t a l a b i l i t y r e q u i r e d b y t h e l a y o u t t e c h n i c i a n , (6) s p a c e 
p e r c e p t i o n a n d u t i l i z a t i o n a t t a i n e d b y t h e l a y o u t t e c h n i c i a n , 
a n d (7) d e c i s i o n i n f l u e n c e o n m a n a g e m e n t • F a c t o r s (1), (2), 
a n d (3) w e r e e v a l u a t e d q u a n t i t a t i v e l y ; t h e r e m a i n i n g f a c t o r s 
w e r e a n a l y z e d s t a t i s t i c a l l y f r o m d a t a o b t a i n e d b y q u e s t i o n ­
n a i r e s d i s t r i b u t e d t o I n d u s t r i a l e n g i n e e r i n g g r a d u a t e 
s t u d e n t s a n d p r o f e s s o r s . 
W i t h i n t h e s c o p e o f t h i s p r o b l e m , t h e c o n c l u s i o n s o b ­
t a i n e d d i d n o t s p e c i f y a n y o n e p a r t i c u l a r t e c h n i q u e f o r 
u n i v e r s a l a p p l i c a t i o n t o j o b s h o p o p e r a t i o n s . I n s t e a d , i t 
was d e t e r m i n e d t h a t t h e m o d e l t e c h n i q u e was b e s t c h o i c e w h e r e 
t i m e l i m i t a t i o n was t h e g o v e r n i n g f a c t o r , w h i l e t h e t e m p l e t 
t e c h n i q u e was p r e f e r r e d w h e r e c a p i t a l I n v e s t m e n t h a d t o b e 
m i n i m i z e d . W h e r e t i m e l i m i t a t i o n a n d c a p i t a l e x p e n d i t u r e 
a r e o f a p p r o x i m a t e l y e q u a l i m p o r t a n c e , t h e s t a t i s t i c a l 
a n a l y s i s d e s i g n a t e s t h e m o d e l t e c h n i q u e a s p r e f e r a b l e . 
O n e r e c o m m e n d a t i o n i s p r o p o s e d a s t h e r e s u l t o f t h e 
r e v i e w o f t h e s p a c e p e r c e p t i o n d a t a . T h e r e s u l t s o f t h i s 
r e v i e w t e n d t o i n d i c a t e t h a t t h e q u a l i t a t i v e e v a l u a t i o n o f 
t h i s f a c t o r i s a c c e p t a b l e ; h o w e v e r , t h e d e v e l o p m e n t o f a 
q u a n t i t a t i v e e v a l u a t i o n , i n a c c o r d a n c e w i t h t h e p r o c e d u r e s u g ­
g e s t e d , w o u l d e s t a b l i s h t h e f a c t o r m o r e d e f i n i t e l y . I t i s 
s u g g e s t e d t h a t t h e f a c t o r o f s p a c e p e r c e p t i o n a n d u t i l i z a t i o n 
b e d e f i n e d m o r e a c c u r a t e l y i n o r d e r t o q u a n t i f y i t s 
f e e t o n t h e e v a l u a t i o n . 
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C H A P T E R I 
I N T R O D U C T I O N 
S t a t e m e n t o f t h e p r o b l e m . - " I n d u s t r y h a s b e e n c o n s t a n t l y 
e x p o s e d t o d i s c u s s i o n s o f r e s e a r c h o n t h e a p p l i c a t i o n s 
o f v i s u a l l a y o u t t e c h n i q u e s a n d t h e i r r e l a t i v e m e r i t s a s 
a p p l i e d t o l a r g e s c a l e o r p r o d u c t i o n t y p e a c t i v i t i e s 0 
A t t e m p t s t o a p p l y s c i e n t i f i c l a y o u t p r o c e d u r e s t o t h e 
a 
s m a l l e r i n d u s t r i a l a c t i v i t i e s a n d j o b t y p e s h o p s h a v e 
g e n e r a l l y b e e n n e g l e c t e d o r d i s c o u r a g e d u s u a l l y b e c a u s e o f 
p r e c o n c e i v e d o p i n i o n s o f i m p r a c t i c a b i l i t y a n d e x c e s s i v e 
e x p e n s e . I t i s t h e p u r p o s e o f t h i s p a p e r t o p r e s e n t a 
c o m p a r a t i v e a n a l y s i s o f r e p r e s e n t a t i v e v i s u a l p l a n t l a y o u t 
t e c h n i q u e s a s a p p l i e d t o a j o b s h o p . A m e d i u m s i z e m a c h i n e 
s h o p h a s b e e n c h o s e n a s t h e s p e c i f i c d e s i g n l i m i t a t i o n f o r 
t h i s r e s e a r c h . T h e o b j e c t i v e o f t h e i n v e s t i g a t i o n i s t o 
d e t e r m i n e t h e m o s t e f f e c t i v e m e t h o d o f l a y o u t f o r a t y p i c a l 
m a c h i n e s h o p . 
A r e a o f r e s e a r c h . - - S i n c e l a y o u t i n t h e j o b s h o p h a s g e n e r a l l y 
r e c e i v e d o n l y c a s u a l a t t e n t i o n f r o m t h e i n d u s t r i a l e n g i n e e r i n g 
p o i n t o f v i e w , a n a t t e m p t w i l l b e m a d e t o s h o w t h a t a t l e a s t 
a T h e 1 9 5 1 U n i t e d S t a t e s B u r e a u o f C e n s u s r e p o r t s 
t h a t e a c h o f 2 1 6 , 0 0 0 m a n u f a c t u r i n g e n t e r p r i s e s (90 p e r c e n t 
o f t h e t o t a l ) e m p l o y 1 0 0 p e r s o n s o r l e s s , w h i l e t h e r e m a i n i n g 
2l±,000 e s t a b l i s h m e n t s e a c h e m p l o y m o r e t h a n 1 0 0 e m p l o y e e s . 
M a n u f a c t u r i n g e n t e r p r i s e s o f l e s s t h a n 1 0 0 e m p l o y e e s a r e 
u s u a l l y c l a s s i f i e d a s t h e s m a l l e r b u s i n e s s e s . 
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o n e o f t h e s e v e r a l m e t h o d s o f v i s u a l p l a n t l a y o u t w o u l d 
p r o v e f e a s i b l e a n d s a t i s f a c t o r y f o r a p p l i c a t i o n i n a j o b 
s h o p o T o l i m i t t h e m a n y v a r i a b l e s w h i c h e n t e r i n t o a 
p r o b l e m s u c h a s t h i s , a m e d i u m s i z e j o b m a c h i n e s h o p w a s 
s e l e c t e d f o r t h e a r e a o f s t u d y . B a s e d o n d e f i n i t i o n s i n 
C h a p t e r I I , t h e m e d i u m s i z e j o b s h o p w o u l d e m p l o y f r o m 
t w e n t y t o f i f t y p e r s o n s w i t h m a c h i n e t o o l s n u m b e r i n g f r o m 
t w e n t y - f i v e t o s e v e n t y - f i v e . 
T h e U n i t e d S t a t e s B u r e a u o f C e n s u s ( 1 ) d o e s n o t c l a s s i f y 
t h e m a c h i n e s h o p t r a d e i n t o s u f f i c i e n t l y f i n e d e t a i l t o 
a c t u a l l y m a k e a d e f i n i t e s e p a r a t i o n b e t w e e n t h e s m a l l , 
m e d i u m , a n d l a r g e s h o p s . H o w e v e r , t h e B u r e a u h a s p r e p a r e d 
t h e f o l l o w i n g s t a t i s t i c s , s h o w n i n T a b l e 1 . , t o s h o w h o w 
t h e m a c h i n e r y i n d u s t r y a s a w h o l e ( e x c l u d i n g e l e c t r i c a l 
m a c h i n e r y ) i s d i v i d e d i n t o e m p l o y e e g r o u p s © 
T a b l e 1 . M a c h i n e r y I n d u s t r y 
D i s t r i b u t i o n 
o f E m p l o y e e s 
N u m b e r o f 
E s t a b l i s h ­
m e n t s 
N u m b e r o f 
E m p l o y e e s 
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3 
THE MACHINERY INDUSTRY IS THEN BROKEN DOWN INTO 
SEVERAL CATEGORIES, ONE OF WHICH IS THE MACHINE SHOPS. 
OF THE TOTAL MACHINERY INDUSTRY, THE MACHINE SHOP DIVISION 
HAS 3»H2 ESTABLISHMENTS AND 58,160 EMPLOYEES, OR 17 PER 
CENT AND 3«$ P©R CENT, RESPECTIVELY. THE RATIO OF ESTABLISH­
MENTS TO EMPLOYEES IS FOUND TO BE SIGNIFICANTLY HIGHER THAN 
IN THE OTHER CATEGORIES, INDICATING THAT MORE SHOPS WITH FEW 
MEN PREVAIL IN THE MACHINE SHOP TRADE THAN IN ALLIED MACHINERY 
ESTABLISHMENTS. THIS WOULD LEAD TO A GENERAL CONCLUSION THAT 
MACHINE SHOP ACTIVITIES PREDOMINATE IN THE 1-100 EMPLOYEE 
CLASS ALMOST EXCLUSIVELY, WHICH THEREFORE ESTABLISHES THE 
AREA OF MACHINE SHOP PRACTICE. 
C H A P T E R I I 
L I T E R A T U R E S E A R C H 
T h e s u b j e c t o f s c i e n t i f i c p l a n t l a y o u t i s r e l a ­
t i v e l y n e w t o t h e f i e l d o f i n d u s t r i a l e n g i n e e r i n g . I t s 
a p p e a r a n c e b e c a m e e v i d e n t d u r i n g t h e s e c o n d q u a r t e r o f 
t h e t w e n t i e t h c e n t u r y . P r a c t i c a l l y a l l t h e p e r t i n e n t 
l i t e r a t u r e u n c o v e r e d was c i t e d i n c a s e h i s t o r i e s o f some 
f o r t y s e l e c t e d p e r i o d i c a l s , w h i c h e x c l u d e d s e v e r a l b o o k s 
w r i t t e n d u r i n g t h e p a s t e i g h t y e a r s . W i t h o n e o r t w o 
e x c e p t i o n s , t h e r e f e r e n c e m a t e r i a l d e a l t o n l y w i t h p l a n t 
l a y o u t i n p r o d u c t i o n t y p e e n t e r p r i s e s o f m e d i u m a n d l a r g e 
s i z e w i t h 100 o r m o r e e m p l o y e e s * 
T h e p r o b l e m s e n c o u n t e r e d t h i r t y t o f o r t y y e a r s a g o i n 
l a y i n g o u t a p l a n t a r e c l o s e l y a l l i e d t o t h e p r o b l e m s o f 
p r e s e n t d a y i n d u s t r y . H o w e v e r , t h e m e t h o d s o f s o l v i n g t h e s e 
p r o b l e m s h a v e c h a n g e d s i g n i f i c a n t l y w i t h a d v a n c i n g t e c h n o l o g y . 
W i t h t h e a d v e n t o f m a s s p r o d u c t i o n , s y n o n y m o u s w i t h 
t h e i n t r o d u c t i o n o f t h e a u t o m o b i l e I n t h e e a r l y p a r t o f t h e 
t w e n t i e t h c e n t u r y , a c h a n g e s t a r t e d t o t a k e p l a c e i n t h e 
l a y o u t p r o c e d u r e s o f f a c t o r i e s . N o l o n g e r was p o w e r f o r 
m a c h i n e r y t a p p e d f r o m a c e n t r a l l i n e s h a f t ; n o l o n g e r w e r e 
m a c h i n e s a n d b e n c h e s p e r m a n e n t l y p o s i t i o n e d ( 2 ) . T h e i n c r e a s ­
i n g k n o w l e d g e a n d i n t e l l i g e n t a p p l i c a t i o n o f s a f e t y p r o c e d u r e s , 
m o t i o n a n d t i m e s t u d i e s , a n d e c o n o m i c p l a n n i n g , t o m e n t i o n 
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ONLY A FEW FACTORS, INCREASED THE IMPORTANCE OF BETTER 
LAYOUT PLANNING TECHNIQUES. 
THE DEVELOPMENT OF PRODUCT AND PROCESS PLANNING, 
WHICH WAS EVIDENCED BETWEEN 1920-1930, MEANT THAT THERE 
COULD EVOLVE MORE THAN ONE OR TWO SOUND LAYOUTS FOR A NEW 
OR REMODELED FACTORY.(3) IN THE EARLIER DAYS OF THE SMALL 
JOB SHOP, THE LAYOUT WAS USUALLY left to THE EXPERIENCED 
JUDGMENT OF THE SHOP OWNER. THE OWNER, WHO HAD THE ABILITY 
AND INCLINATION TO EXPRESS HIS THOUGHTS ON PAPER IN THE FORM 
OF ROUGH SKETCHES, WAS SIGNIFICANTLY MORE EFFICIENT IN HIS 
PLANNING THAN THOSE WHO COULD NOT DRAW OR THOSE WHO HAD A 
LIMITED KNOWLEDGE OF MACHINE SHOP PRACTICE. 
AS SHOPS GREW INTO FACTORIES, IT ALSO BECAME INCREAS­
INGLY IMPORTANT TO APPLY SOUND JUDGMENT AND TECHNICAL 
KNOWLEDGE IN THE INITIAL PLANNING STAGE. PROCESS CHARTS AND 
FLOW DIAGRAMS FIRST APPEARED SOMETIME DURING THIS TRANSITION 
PERIOD; HOWEVER, NO DEFINITE DATE COULD BE ESTABLISHED AS 
TO WHEN THESE CHARTS AND DIAGRAMS WERE INITIATED. UNDOUBT­
EDLY, SOME SHOP OWNERS HAD CONCEIVED CRUDE VARIATIONS OF 
THESE METHODS WHICH THEY ADOPTED TO THEIR OWN NEEDS LONG 
BEFORE THESE METHODS BECAME KNOWN AS INDUSTRIAL PLANNING. 
NOW THAT INDUSTRY HAD SOME UNDERSTANDING OF WHAT WAS 
NEEDED TO EQUIP THE FACTORIES, THE LACK OF AN EFFICIENT 
METHOD OF PLANNING THE PLACEMENT OF MACHINES, MEN AND 
EQUIPMENT BECAME MORE APPARENT. TRIAL AND ERROR METHODS 
WERE VERY COSTLY. DRAWINGS WERE TEDIOUS, TIME CONSUMING, 
6 
a n d c o n s e q u e n t l y , e x p e n s i v e . G r a d u a l l y , t h e u s e o f c a r d b o a r d 
t e m p l e t s a n d m o r e r e c e n t l y , t h r e e d i m e n s i o n a l m o d e l s h a v e 
a n s w e r e d p a r t o f t h e c h a l l e n g e . 
T h e p u r p o s e o f t h e s e a i d s t o p l a n n i n g i s n o t o n l y 
t o h e l p l a y o u t p e r s o n n e l w i t h t h e i r p r o b l e m s , b u t a l s o t o 
f a c i l i t a t e t h e u s e o f t h e r e s u l t s o f t h e i r e f f o r t s i n 
c o n v i n c i n g m a n a g e m e n t t h a t a d o p t i o n o f t h e p r o p o s e d m e t h o d 
i s d e s i r a b l e . I n i n d u s t r y , w h e n n e w l a y o u t s a r e p r o p o s e d , 
o r w h e n p r e s e n t l a y o u t s a r e t o b e a l t e r e d , m a n a g e m e n t 
u s u a l l y h a s t o m a k e t h e f i n a l d e c i s i o n f o r a c c e p t a n c e o r 
r e j e c t i o n 0 
V i s u a l l a y o u t t e c h n i q u e s e m a n a t e f r o m s e v e r a l 
b a s i c m e t h o d s : 
I • D r a w i n g s 
A . p l a n v i e w d r a f t i n g 
1. B l u e p r i n t s 
2 . W h i t e p r i n t s 
B . I s o m e t r i c d r a w i n g s 
I I • T e m p l e t s - - t w o d i m e n s i o n a l 
A . B l o c k t e m p l e t s 
B# C o n t o u r t e m p l e t s 
C . V a r i a t i o n s o f c o n t o u r t e m p l e t s m a d e o f 
p l a s t i c o r p h o t o s e n s i t i v e f i l m 
I I I . M o d e l s - - t h r e e d i m e n s i o n a l 
A . B l o c k m o d e l s 
B . C o n t o u r m o d e l s 
C . P r o t o t y p e m o d e l s 
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T h e d r a w i n g t e c h n i q u e a s o u t l i n e d a b o v e i s s e l f -
e x p l a n a t o r y . T e m p l e t s e x i s t m a i n l y i n t w o t y p e s . T h e 
f i r s t i s t h e b l o c k t e m p l e t w h i c h i s n o t h i n g m o r e t h a n a 
r e c t a n g u l a r p i e c e o f c a r d b o a r d c u t t o t h e o v e r a l l p l a n 
d i m e n s i o n s . T h e o t h e r t y p e i s t h e t w o d i m e n s i o n a l t e m p l e t ; 
i t d i f f e r s f r o m t h e f o r m e r I n t h a t i t i s c u t t o t h e g e n e r a l 
c o n t o u r ( w i t h o v e r r u n s o f m o v i n g p a r t s ) o f t h e m a c h i n e o r 
i m p l e m e n t a n d u s u a l l y h a s a p l a n v i e w d r a w i n g p r i n t e d o n 
it.(5) 
A v a r i a t i o n o f t h e t e m p l e t t h a t i s b e c o m i n g i n c r e a s ­
i n g l y p o p u l a r c o n s i s t s o f o n e - e i g h t h i n c h t r a n s p a r e n t 
p l a s t i c p h o t o g r a p h i c a l l y p r i n t e d o n o n e s i d e w i t h t h e 
t e m p l e t o f a p a r t i c u l a r m a c h i n e . S m a l l m a g n e t s i m b e d d e d 
i n t h e p l a s t i c s e r v e t o h o l d t h e t e m p l e t t o a m e t a l 
l a y o u t b o a r d , ( 6 ) 
S c a l e m o d e l s a r e a l s o f o u n d i n c o m p a r a b l e t y p e s t o 
t h o s e o f t h e t e m p l e t s . I n o n e c a s e , t h e s i m p l e w o o d e n 
b l o c k i s u s e d , w h i c h g i v e s n o i n d i c a t i o n o f c o n t o u r a t a l l . 
C o n t o u r m o d e l s d o n o t d i s p l a y a l l t h e f e a t u r e s o f t h e 
m a c h i n e b u t m e r e l y p r e s e n t t h e g e n e r a l s h a p e , s o t h a t t h e 
p i e c e c a n b e r e a d i l y i d e n t i f i e d . P r o t o t y p e m o d e l s a r e c a s t 
o f s e v e r a l d i f f e r e n t m a t e r i a l s t o p r o d u c e a d e t a i l e d r e p l i c a 
o f t h e m a c h i n e r y . S o m e t i m e s b a l s a w o o d i s p a i n s t a k i n g l y 
c a r v e d t o t h e d e s i r e d a c c u r a c y . C o l o r e d s t r i n g i s o f t e n 
u s e d w i t h t e m p l e t s a s w e l l a s m o d e l s t o i l l u s t r a t e t h e 
f l o w o f m a t e r i a l s t h r o u g h o u t t h e p l a n t « 
8 
R e c e n t l y , t h r e e d i m e n s i o n a l m o d e l s h a v e b e e n 
c o m b i n e d w i t h t e m p l e t s i n i n d u s t r i a l p l a n n i n g w o r k * T h e 
m o d e l s h o w s t h e a c t u a l m a c h i n e i n t h r e e d i m e n s i o n s w h i l e 
t h e t e m p l e t w h i c h I s p l a c e d u n d e r t h e m o d e l i n d i c a t e s 
t a b l e t r a v e l , p r o j e c t i o n s , a n d n e c e s s a r y c l e a r a n c e s • ( 7 ) 
T h e u s e o f a l/V = l f g r i d h a s b e e n u s e d i n m o s t i n s t a n c e s , 
a l t h o u g h v a r i a t i o n s I n s c a l e f r o m 1 / 32" t o 1" = l 1 h a v e 
b e e n e n c o u n t e r e d . 
T h e r e p r o d u c t i o n o f l a y o u t s f o r p u r p o s e s o f d i s p l a y , 
f o r r e c o r d s , a n d f o r o t h e r m u l t i - c o p y u s e s h a s d e v e l o p e d 
w i t h t h e i n c r e a s e d d e m a n d s f o r b e t t e r l a y o u t t e c h n i q u e s . 
T h e f o r e m o s t m e t h o d o f r e p r o d u c t i o n i s b y m e a n s o f p h o t o ­
g r a p h y . P h o t o s t a t s a r e u s e d e f f e c t i v e l y i n c o n j u n c t i o n 
w i t h t e m p l e t s , e s p e c i a l l y w i t h t h e m a g n e t i c p l a s t i c t e m p l e t 
a n d t h e p h o t o g r a p h i c n e g a t i v e t e m p l e t . ( 8 ) W h i t e p r i n t s o r 
p r o c e s s e s s i m i l a r t o o z a l i d a r e f r e q u e n t l y e m p l o y e d i n s t e a d 
o f b l u e p r i n t s o r p h o t o s t a t s . D i r e c t , c l e a r , u n i f o r m r e p r o ­
d u c t i o n s m a y b e o b t a i n e d i n t h i s m a n n e r f r o m t e m p l e t s 
w i t h o u t t h e n e c e s s i t y o f a n y a d d i t i o n a l p r e p a r a t i o n . O f t e n ­
t i m e s , p h o t o g r a p h s a r e t a k e n d i r e c t l y o f t h e l a y o u t , b e i t 
m o d e l o r t e m p l e t . U s u a l l y , s m a l l s e c t i o n s o f t h e l a y o u t a r e 
p h o t o g r a p h e d s e p a r a t e l y t o r e d u c e d i s t o r t i o n , t h e n t h e 
s e v e r a l p i c t u r e s a r e p i e c e d t o g e t h e r t o f o r m a s i n g l e 
m a s t e r p r i n t . ( 9 ) O n c e t h e l a y o u t h a s b e e n r e p r o d u c e d , i t 
c a n t h e n b e d i s m a n t l e d a n d t h e c o m p o n e n t s r e u s e d f o r f u t u r e 
p l a n n i n g . T h e p r i n t s p r o d u c e d p r o v i d e a n e a t , c o m p a c t 
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r e c o r d o f w h a t a c t i o n was f i n a l l y t a k e n o r o f w h a t p o s s i b l e 
c o u r s e s c o u l d b e f o l l o w e d s o m e t i m e i n t h e f u t u r e . 
S e v e r a l e f f i c i e n t m e t h o d s h a v e b e e n f o u n d f o r f i l i n g 
l a r g e a n d s p a c e - c o n s u m i n g l a y o u t s w h e n t h e y a r e n o t i n u s e . 
T e m p l e t s a r e s o m e t i m e s s t o r e d v e r t i c a l l y o n s h e e t s o f 
f o u r b y e i g h t f o o t p l y w o o d d o u b l e - h u n g s i m i l a r t o w i n d o w s . 
T o o b t a i n a l a y o u t o f a c e r t a i n p o r t i o n o f a p l a n t , t h e 
c o u n t e r - b a l a n c e d b o a r d i s m e r e l y p u l l e d d o w n o u t o f i t s 
f i l i n g p o s i t i o n . ( 1 0 ) 
M o d e l s a r e u s u a l l y s t o r e d i n s e c t i o n s i n d r a w e r s 
o f s p e c i a l l y b u i l t c a b i n e t s . T h e y a r e a l s o s t o r e d b y m a k i n g 
t h e m i n t o a d i s p l a y c o m p l e t e w i t h a t r a n s p a r e n t s h e l l o f 
t h e b u i l d i n g a n d a r e p l i c a o f t h e s u r r o u n d i n g a r e a s t o 
p r o v i d e a n a t t r a c t i v e e x h i b l t 0 
O n e o f t h e c o n c l u s i o n s r e a c h e d a f t e r t h e r e v i e w o f 
c a s e h i s t o r i e s was t h e s i g n i f i c a n t r o l e p l a y e d b y t h e 
c h e m i c a l i n d u s t r i e s i n t h e u s e o f t h r e e d i m e n s i o n a l d r a w i n g s 
a n d m o d e l s . ( 1 1 ) C o n s t r u c t i o n o f p i l o t p l a n t o r u n i t 
o p e r a t i o n s , w h i c h r e q u i r e d d e t a i l e d l a y o u t o f p i p i n g , t a n k s , 
a n d o t h e r p r o c e s s i n g a p p a r a t u s , was a i d e d i m m e a s u r a b l y b y 
f i r s t b u i l d i n g i n m i n i a t u r e . O t h e r i n d u s t r i e s w e r e s o o n 
t o r e a l i z e t h e m e r i t s o f m o d e l s a s w e l l a s t e m p l e t s . 
T h e e x t e n s i v e u s e o f m o d e l s i n t h e a u t o m o t i v e i n d u s t r y 
I s r e c o g n i z e d b y t h e i n t r i c a t e d e t a i l i n c o r p o r a t e d i n 
t h e i r l a y o u t s . T h e C h r y s l e r C o r p o r a t i o n b u i l d s m o d e l s w i t h 
m o v i n g p a r t s , w h i l e a t y p i c a l l a y o u t o f t h e F o r d C o m p a n y 
1 0 
d e p i c t s s u c h d e t a i l s a s a c t u a l s w i t c h e s m o u n t e d o n w a l l s a n d 
c o l u m n s . ( 1 2 ) ( 1 3 ) T h e p r e c e d i n g e x a m p l e s e x e m p l i f y t h e s t a t u s 
o f p l a n t l a y o u t i n s u c h i n d u s t r i e s a n d t h e g o a l s t o w h i c h i t 
i s a i m e d . 
I n a n e f f o r t t o s t a n d a r d i z e l a y o u t p r o c e d u r e , n o m e n ­
c l a t u r e , a n d t o o l s , t h e A m e r i c a n S o c i e t y o f M e c h a n i c a l 
E n g i n e e r s p r o p o s e d a t e m p l e t a n d m o d e l c o d e , a n a b b r e v i a t e d 
f o r m o f w h i c h a p p e a r s i n A p p e n d i x A . A t t h e t i m e o f t h i s 
w r i t i n g , t h e A m e r i c a n S t a n d a r d s A s s o c i a t i o n h a d n o t e n d o r s e d 
a n y l a y o u t s t a n d a r d s i n c l u d i n g t h e a f o r e - m e n t i o n e d p r o p o s a l . 
T h r o u g h o u t t h e l i t e r a t u r e s e a r c h , t h e j o b s h o p , w h i c h 
d i f f e r s s i g n i f i c a n t l y f r o m t h e p r o d u c t i o n s h o p b y v i r t u e o f 
s m a l l l o t s i z e w o r k a n d e x t r e m e p r o c e s s v a r i a b i l i t y , ^ h a s b e e n 
g e n e r a l l y d i s r e g a r d e d w i t h r e s p e c t t o v i s u a l l a y o u t t e c h n i q u e s . 
J o b s h o p l a y o u t s a r e p r e p a r e d t o d a y i n m u c h t h e s a m e m a n n e r 
a s t h e p r o d u c t i o n s h o p s w e r e p l a n n e d s e v e r a l d e c a d e s a g o -
l a r g e l y t h r o u g h r e l i a n c e o n t h e j u d g m e n t a n d o f t e n , p e r s o n a l 
w h i m s , o f k e y p e r s o n s ; r a t h e r t h a n b y t h e s c i e n t i f i c a p p l i ­
c a t i o n o f f o r m a l t e c h n i q u e s . 
I n t h e f o l l o w i n g c h a r t , a c o n c e n s u s o f s e v e r a l l a y o u t 
t e c h n i q u e s a p p l i e d t o t h e l a r g e s c a l e o r p r o d u c t i o n t y p e e n t e r ­
p r i s e s , i s p r e s e n t e d f o r c o m p a r i s o n w i t h t h e r e s u l t s o f t h i s 
p a p e r . ( 1 1 + ) N o t e t h a t t h e d r a w i n g t e c h n i q u e i s n o t i n c l u d e d , 
a l t h o u g h s o m e o f t h e b l o c k t e m p l e t c h a r a c t e r i s t i c s a r e s i m i l a r . 
b T h e d i v i d i n g l i n e b e t w e e n p r o d u c t i o n a n d j o b s h o p s 
c a n b e a m o o t p o i n t ; h o w e v e r , t h e d e f i n i t i o n s e t f o r t h i n 
t h e n e x t c h a p t e r w i l l b e u s e d t o a v o i d a m b i g u i t y . 
T a b l e 2 . P l a n t L a y o u t C o m p a r i s o n C h a r t 
B l o c k T e m p l e t 2 - D i m e n s i o n 3 - D i m e n s i o n C o m b i n a t i o n o f 
T e m p l e t T e m p l e t 2 a n d 3 D i m e n ­
s i o n T e m p l e t 
C o s t 
L o w f i r s t c o s t . 
C a n b e m a d e b y 
i n e x p e r i e n c e d 
p e r s o n n e l . 
R e q u i r e s s e r v i c e s 
o f a f a i r l y s k i l ­
l e d d r a f t s m a n w i t h 
a k n o w l e d g e o f 
m a c h i n e t o o l s . 
F i r s t c o s t c o n ­
s i d e r a b l y h i g h e r 
t h a n f o r b l o c k 
t e m p l e t . 
R e q u i r e s s k i l l e d 
m o d e l m a k e r i f 
m a d e s p e c i a l . 
M o s t m o d e l s n o t 
y e t a v a i l a b l e 
c o m m e r c i a l l y . 
C o s t o f m o d e l s i n 
q u a n t i t y n o t a p ­
p r e c i a b l y h i g h e r 
t h a n g o o d 2 d i m e n ­
s i o n t e m p l e t s . 
I n i t i a l c o s t o f t h i s 
m e t h o d c o m b i n e s t h e 
c o s t o f 2 d i m e n s i o n 
t e m p l e t s w i t h 3 
d i m e n s i o n m o d e l s . 
E n g i n e e r i n g V a l u e 
V e r y p o o r . D o e s 
n o t p e r m i t g o o d 
v i s u a l i z a t i o n 
o f l a y o u t o r 
e f f e c t i v e a r ­
r a n g e m e n t s . 
G o o d . T h i s t y p e o f 
t e m p l e t i n t h e 
h a n d s o f a p r o ­
f i c i e n t e n g i n e e r 
p e r m i t s v e r y e f ­
f e c t i v e l a y o u t s . 
D o e s n o t p e r m i t 
e a s y i n t e r p r e t a ­
t i o n o f t h e l a y ­
o u t b y n o n - t e c h ­
n i c a l p e r s o n n e l . 
G o o d . M a k e s f a s t ­
e r d e v e l o p m e n t 
o f e q u i p m e n t a r ­
r a n g e m e n t s f o r 
e f f e c t i v e l a y ­
o u t s . H e l p s 
t o ' s e l l ' t h e 
l a y o u t . 
B e s t . C o m b i n e s a l l 
t h e m e r i t s o f 2 
d i m e n s i o n t e m p l e t 
a n d 3 d i m e n s i o n 
m o d e l . 
Table 2 . P lant Layout Comparison Chart (Cont inued) 




Combinat ion o f 
2 and 3 Dimen­
s i o n Templet 
Can be made 
q u i c k l y a t very 
low c o s t . 
Gives a ve ry a c ­
cu ra t e l a y o u t 
and reduces time 
r e q u i r e d to make 
f i n a l d rawings . 
C l e a r l y i n d i c a ­
t e s a c t u a l f l o o r 
a reas r e q u i r e d . 
Serves as a p e r ­
manent temple t 
when p r o p e r l y 
made. Grea t l y 
r educes p o s s i ­
b i l i t y o f e r r o r s 
as compared to 
b l o c k t e m p l e t s . 
Advantages 
A i d s v i s u a l i z a ­
t i o n o f l ayou t s 
by n o n - t e c h n i ­
c a l p e r s o n n e l . 
Var ious schemes 
can be p h o t o ­
graphed f o r com­
p a r i s o n s t u d i e s . 
Models can be 
used i n d e f i n i t e ­
l y . 
Permits h i g h l y a c ­
cu ra t e l a y o u t s to 
be made q u i c k l y 
wi th comple te engin­
e e r i n g d e t a i l s . 
Gives f u l l v i s u a l ­
i z a t i o n o f l a y o u t . 
Only one s e t o f 
models n e c e s s a r y 
t o make any number 
o f l a y o u t s . Re­
duces l a y o u t and 
d r a f t i n g c o s t . 
Disadvantages 
Does no t p r o v i d e 
f o r a c c u r a c y o f 
l a y o u t , e f f e c t i v e 
arrangements o r 
economica l u t i l ­
i z a t i o n o f f l o o r 
s p a c e . Inc reases 
d r a f t i n g time and 
c o s t o f e n g i n e e r ­
ing drawings . 
Cos t i s c o n s i d e r ­
a b l y h igher than 
b l o c k t e m p l e t s . 
Does no t p r o v i d e 
ease o f p e r c e p t ­
i b i l i t y inheren t 
i n m o d e l s . Re­
q u i r e s eng ineers 
to c a r r y menta l ­
l y a l l p lanning 
Does not ca r ry the 
eng inee r ing i n f o r ­
mat ion p rov ided 
by the 2 dimen­
s i o n t emp le t . 
Does n o t show 
machine c l e a r ­
ances r e q u i r e d 
f o r o p e r a t i o n s 
o r s e r v i c e s . In -
Highes t i n i t i a l c o s t 
o f any method. 
Table 2 . Plant Layout Comparison Chart (Cont inued) 
B lock Templet 2-Dimension 3-Dimension Combination o f 
Templet Templet 2 and 3 Dimen­
s i o n Templet 
Disadvantages (Con f d) 
P o s t e r s d i s c r e p - i n the t h i r d c r e a s e s d ra f t i ng 
a n c i e s and e r r o r s . d imens ion . t ime . 
Inc reases o v e r a l l 
l a y o u t c o s t . 
I k 
C H A P T E R I I I 
J O B S H O P D E F I N E D 
A s p e c i f i c d e f i n i t i o n o f t h e t e r m " j o b s h o p " h a s 
n o t b e e n a v a i l a b l e t o i n d u s t r y . I n s t e a d , i n d u s t r y h a s 
i n c l u d e d i n t h e s c o p e o f t h i s t e r m a n y t h i n g f r o m a m o d e l 
s h o p t o s o m e t h i n g s h o r t o f t h e m a c s p r o d u c t i o n t y p e e n t e r ­
p r i s e s c h a r a c t e r i z e d b y t h e a u t o m o b i l e i n d u s t r i e s . T h e 
G e n e r a l E l e c t r i c C o m p a n y , I n p l a n n i n g i t s E n g i n e e r i n g 
L a b o r a t o r i e s , s e t f o r t h t h e f o l l o w i n g c r i t e r i a w h i c h f o r 
r e a s o n s o f common v i e w p o i n t s a t i s f y t h e d e f i n i t i o n o f 
s m a l l j o b shops.(15) 
lo S h o r t o r d e r j o b s — w o r k o f u s u a l l y e i g h t h o u r s o r l e s s . 
2 . N u m b e r o f e m p l o y e e s r a n g i n g f r o m s i x t o t e n , 
3 . N u m b e r o f m a c h i n e t o o l s r a n g i n g f r o m t w e l v e t o 
t w e n t y - f i v e , 
C o l v i n a n d S t a n l e y l i m i t t h e s m a l l j o b s h o p t o o n e 
e m p l o y i n g l e s s t h a n t w e n t y - f i v e p e r s o n s w h i c h , t h e y s u g g e s t , 
r e f l e c t s t h e common o p i n i o n , ( 1 6 ) 
I t i s n o t a b l e t h a t o n l y m e t a l w o r k i n g o r m a c h i n e 
s h o p s a r e c i t e d f o r d e f i n i t i o n . T h e m o s t common o f n o n -
m e t a l t r a d e s i n t h e j o b s h o p c a t e g o r y i s t h e p r i n t i n g 
i n d u s t r y . T h e s m a l l j o b p r i n t i n g s h o p u s u a l l y e m p l o y s f r o m 
o n e t o t h r e e w o r k e r s a n d h a s t w o o r t h r e e p r e s s e s . A l l j o b 
s h o p s , h o w e v e r , h a v e s e v e r a l c h a r a c t e r i s t i c s w h i c h w i l l 
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d i s t i n g u i s h t h e m f r o m t h e p r o d u c t i o n t y p e o f e n t e r p r i s e : 
LO W i t h i n a p a r t i c u l a r i n d u s t r y , j o b s h o p s w i l l 
p e r f o r m m o r e j o b s o f l e s s q u a n t i t y t h a n p r o ­
d u c t i o n s h o p s e 
2. J o b s h o p s h a v e a s p e c i f i c o r d e r q u a n t i t y w h i c h 
i s r u n i n o n e s e t - u p . T h e j o b i s u s u a l l y o n e - o f -
a - k i n d a n d i s s e l d o m r e p e a t e d e x a c t l y . P r o d u c t i o n 
s h o p s m a y s e t u p f o r s h o r t q u a n t i t y r u n s t o f u l f i l l 
c u s t o m e r s c h e d u l e s . R e t o o l i n g w o u l d b e r e q u i r e d 
f o r e a c h p e r i o d w h e n a c e r t a i n q u a n t i t y i s t o 
b e d e l i v e r e d . 
3« J o b s h o p s t e n d t o e m p l o y m u l t i - s k i l l e d w o r k e r s a s 
d i f f e r e n t i a t e d f r o m t h e p r o d u c t i o n t y p e i n d u s t r y 
w h i c h e m p l o y s p e r s o n s who a r e t r a i n e d t o o p e r a t e 
a s p e c i f i c t y p e o f m a c h i n e , s u c h a s a t y p e o f 
p u n c h p r e s s o r t u r r e t l a t h e . J o b s h o p p e r s o n n e l 
c a n b e c l a s s i f i e d i n t w o c a t e g o r i e s — t h e m e c h a n i c 
a n d t h e a s s i s t a n t m e c h a n i c ( o r t r a i n e e ) , t h e 
d i f f e r e n c e b e i n g t h a t t h e m e c h a n i c h a s m a s t e r e d 
t h e u s e o f a l l e q u i p m e n t a s s o c i a t e d w i t h t h e t r a d e « 
4# A v a r i e t y o f w o r k w i l l e v e n t u a l l y c o n f r o n t t h e j o b 
s h o p w h e r e a s t h e p r o d u c t i o n s h o p , e v e n t h o u g h I t 
m a y h a v e t o r e t o o l f o r d i f f e r e n t j o b s , w i l l 
e s s e n t i a l l y b e c o n c e r n e d w i t h t h e same g e n e r a l 
t y p e o f m a n u f a c t u r e i t h a s a l r e a d y e x p e r i e n c e d . 
T h i s r e q u i r e s t h e u s e o f u n i v e r s a l t y p e t o o l s i n 
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t h e j o b s h o p a n d c o n v e r s e l y , t h e p r o d u c t i o n s h o p 
w o u l d p r e d o m i n a t e l y u t i l i z e s p e c i a l p u r p o s e 
m a c h i n e r y * 
5. J o b s h o p o p e r a t i o n s e m p l o y f e w e r w o r k e r s i n t h e 
s m a l l , m e d i u m , a n d l a r g e c l a s s e s t a b l i s h m e n t s a s 
c o m p a r e d t o t h e same c l a s s i f i c a t i o n s i n p r o d u c t i o n 
t y p e s h o p s * 
6. M a s s p r o d u c t i o n t e c h n i q u e s a r e l e s s common a n d 
l e s s o f t e n o b s e r v e d i n a j o b s h o p t h a n i n p r o d u c ­
t i o n s h o p s p r i m a r i l y b e c a u s e o f s m a l l e r q u a n t i t y 
p r o d u c t i o n . A s s e m b l y o p e r a t i o n s a r e u s u a l l y 
o b s e r v e d i n t e r m i n g l e d w i t h f a b r i c a t i o n o p e r a t i o n s 
i n j o b shopsO 
T h e q u a l i f i c a t i o n s a b o v e a r e q u a l i t a t i v e i n n a t u r e 
ar id f o r t h a t r e a s o n a r e d i f f i c u l t t o m e a s u r e . T h e s e 
d e f i n i t i o n s a r e b y n o m e a n s r i g i d , b u t a r e i n t e n d e d t o 
s e r v e a s t h e c r i t e r i a o f a j o b s h o p f o r t h e p u r p o s e o f 




The methods o f i l l u s t r a t i n g l a y o u t s have expanded 
to o f f e r s e v e r a l a l t e r n a t i v e c h o i c e s as new m a t e r i a l s and 
t o o l s have been d e v e l o p e d . However, a l l t e chn iques e v o l v e 
from f o u r b a s i c t y p e s : (1 ) d r a f t i n g , ( 2 ) t e m p l e t s , ( 3 ) 
m o d e l s , and templets and m o d e l s . These f o u r fundamental 
p rocedures have been s e l e c t e d f o r a p p l i c a t i o n t o a r e p r e ­
s e n t a t i v e j o b machine shop p rob lem. 
I d e a l l y , a l a y o u t c o u l d be d e s c r i b e d as most e f f i c i e n t 
i f the b u i l d i n g were des igned around the f i n a l p r o d u c t . Un­
f o r t u n a t e l y , i n d u s t r i a l p lann ing today i s a lmost who l ly 
c o n f i n e d to s t r u c t u r e s a l r e a d y i n e x i s t e n c e o r b u i l d i n g s 
hous ing the p r e s e n t a c t i v i t i e s . In o r d e r t o s imula te a 
t y p i c a l problem o f a medium s i z e j o b s h o p , a b u i l d i n g s i x t y 
f e e t by e i g h t y f e e t (columns t h i r t y f e e t i n from e i g h t f o o t 
w a l l s , and s i x t e e n f e e t on c e n t e r s ) was a r b i t r a r i l y c h o s e n . 
F igure 1. shows a ske t ch o f the b u i l d i n g w i th approximate 
dimensions o f d o o r s , overhead c l e a r a n c e s , e t c . 
By a p p l y i n g each l a y o u t t echn ique to a s t andard ized 
problem wi th i d e n t i c a l c o n d i t i o n s i n each c a s e , a compar ison 
can be made on the b a s i s o f t i m e , c o s t , and s e v e r a l o the r 
f a c t o r s as e x p l a i n e d in Chapter V, The l a y o u t r e s u l t i n g from 
the f i r s t method performed becomes the o b j e c t i v e l a y o u t f o r 
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e a c h o t h e r m e t h o d i n t u r n , t o f a c i l i t a t e c o m p a r i s o n . I f 
e a c h m e t h o d w e r e u s e d t o o b t a i n a l a y o u t d i f f e r e n t f r o m 
t h a t o f e a c h o t h e r m e t h o d , c o m p a r i s o n w o u l d b e h i n d e r e d b y 
t h e i n t r o d u c t i o n o f t h i s a d d i t i o n a l v a r i a b l e . 
I n a d d i t i o n t o t h e s e l e c t e d b u i l d i n g d i m e n s i o n s , 
t h i r t y - f i v e m i s c e l l a n e o u s p r o d u c t i o n m a c h i n e s a n d t w e n t y -
t h r e e p e r s o n s w e r e c h o s e n t o s a t i s f y t h e m e d i u m s i z e j o b s h o p 
d e f i n i t i o n . T o f u r t h e r s u p p l e m e n t t h e g i v e n c o n d i t i o n s , 
A p p e n d i x B s u m m a r i z e s a l l e q u i p m e n t , f a c i l i t i e s , a n d s e r v i c e s 
i n c l u d e d i n t h e p r o c e d u r e o f e a c h m e t h o d . 
Two p r e m i s e s w e r e m a d e b e f o r e t h e p r o c e d u r e was 
s t a r t e d . F i r s t , i f a n y p e r s o n t e c h n i c a l l y t r a i n e d i n l a y o u t 
t e c h n i q u e s w e r e t o f o l l o w t h e p r o c e d u r e s a s o u t l i n e d i n 
t h i s t e x t , t h e t i m e r a t i o o f m e t h o d s w o u l d r e m a i n t h e s a m e , 
o r t h e t i m e d i f f e r e n t i a l w o u l d b e s o s m a l l a s t o b e n e g l i g ­
i b l e , r e g a r d l e s s o f t h e d e g r e e o f e x p e r i e n c e . S e c o n d , t h e 
t i m e t a k e n t o d e t e r m i n e w h i c h m o v e i s t o b e m a d e n e x t w i l l 
be t h e same r e g a r d l e s s o f t h e m e t h o d u s e d . T h e t i m e 
r e q u i r e d t o m a k e t h e m o v e p h y s i c a l l y , h o w e v e r , i s d e f i n i t e l y 
k n o w n t o v a r y . 
T h e m e t h o d s u s e d a r e a s f o l l o w s : 
M e t h o d I . D r a f t i n g ( m o d i f i e d b l o c k t e m p l e t s d r a f t e d ) 
I I . T e m p l e t s ( c o n t o u r ) 
I I I . M o d e l s ( p r o t o t y p e ) 
I V . T e m p l e t s a n d M o d e l s ( c o m b i n a t i o n o f I I . a n d 
I I I . s u p e r i m p o s e d ) 
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Method I I was a r b i t r a r i l y performed f i r s t t o d e v e l o p 
the s tandard l a y o u t ; Method IV was next a p p l i e d to a v o i d 
the n e c e s s i t y o f d u p l i c a t i n g every move common t o b o t h 
methods; Methods I I I and I f o l l o w e d . A d e l i b e r a t e e f f o r t 
was made to per form each method a t the same p a c e . Every 
move performed In Method I I was r e c o r d e d and t imed to the 
n e a r e s t minu te . Any e r r o r s made in Method I I were a l s o 
r e c o r d e d and f o l l o w e d as the s tandard p rocedu re by the 
o t h e r methods. This was done in o r d e r t o c o n t r o l the 
c a r r y - o v e r l e a r n i n g e f f e c t o f one method to the o t h e r . 0 
Before any move was made, the t ime r e q u i r e d to d e l i b e r a t e 
where a p i e c e o f equipment should be p l a c e d was r e c o r d e d , 
t h i s t ime b e i n g e x a c t l y the same i r r e s p e c t i v e o f which method 
was used f i r s t . Appendix C shows the o r i g i n a l o p e r a t i o n 
and t ime data wi th " th ink" times l i s t e d under Method I I but 
added t o " a c t " t imes o f each method to e s t a b l i s h t o t a l 
t imes f o r each method. 
The g i v e n c o n d i t i o n s o f e x i s t i n g b u i l d i n g , f a c i l i t i e s 
r e q u i r e d , and equipment were surveyed f i r s t . Methods I , I I , 
and IV r e q u i r e d rough ske t ches w i th dimensions t o be made from 
c P r a c t i c e e f f e c t s were i n v e s t i g a t e d from the p s y c h o l ­
o g i c a l v i e w p o i n t to determine t h e i r impor tance i n t h i s 
a p p l i c a t i o n . A s tudy o f r e c a l l , r e m i n i s c e n s e , r e t e n t i o n and 
memory on i n d i v i d u a l d i f f e r e n c e s , d i s t r i b u t i o n o f p r a c t i c e , 
and whole o r p a r t l e a r n i n g r e v e a l e d l i t t l e e f f e c t on t h i s s tudy 
because (1 ) a r e l a t i v e l y smal l amount o f r e p e t i t i o n was 
pe r fo rmed , (2 ) each t r i a l was r e p e a t e d by a d i f f e r e n t method, 
and (3 ) s u f f i c i e n t c o n t r o l was r e t a i n e d ove r the s t i m u l i , 
p r o c e d u r e , and response to negate the p r a c t i c e e f f e c t s • ( 1 7 ) ( 1 8 ) 
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manufac tu re r s 1 c a t a l o g s o r from the e x i s t i n g equipment . 
Templets drawn i n India ink from these ske t ches f o l l o w e d 
the p roposed American S o c i e t y o f Mechanical Engineers 
s tandards as o u t l i n e d i n Appendix A . I t was no t n e c e s s a r y , 
however , t o i n c l u d e a l l the i n f o r m a t i o n on the t emple t s 
because o f the v a r i e t y and s i n g u l a r i t y o f the machine t o o l s . 
F o l l o w i n g normal l a y o u t p r o c e d u r e , r e g a r d l e s s o f the 
t echn ique a p p l i e d , a s k e t c h was made o f the b u i l d i n g f l o o r 
p l a n , n o t i n g e x i t s and o b s t r u c t i o n s . I t i s a t t h i s p o i n t 
that the gene ra l areas o f each s e r v i c e o r f a c i l i t y were 
de termined . For example, due to the t r a v e l o f crane o v e r 
the r i g h t h a l f o f the b u i l d i n g , the l o c a t i o n o f heavy mach­
i n e r y and f a b r i c a t i o n should be w i t h i n t h i s a r ea ; the supp ly 
room shou ld be c l o s e to the r e c e i v i n g d o o r , whereas the o f f i c e 
should be c l o s e t o the f r o n t en t rance as w e l l as near the 
working a r e a . In making the s k e t c h , a p r e - g r o u p i n g o f the 
machines i n each area was r o u g h l y drawn as shown i n F igure 2 . ^ 
No at tempt w i l l be made to defend the a c t u a l a r r a n g e ­
ment o f equipment and f a c i l i t i e s a l though r e a s o n a b l e l a y o u t 
t o l e r a n c e s were o b s e r v e d . 
d I n t h i s c a s e , equipment was l a i d out a c c o r d i n g to 
a p a t t e r n d e v e l o p e d by the author a t the machine shop o f 
the Georgia I n s t i t u t e o f Technology Engineer ing Experiment 
S t a t i o n . ( 1 9 ) The l a t h e s , m i l l i n g mach ines , and benches 
were found t o be c l o s e l y r e l a t e d by c o l l e c t i n g i n fo rma t ion 
from pas t work o r d e r s 0 (See Appendix B ) . This d i f f e r s from 
the c o n v e n t i o n a l c o l o n y type l a y o u t u s u a l l y employed because 
o f s o - c a l l e d u n p r e d i c t a b l e p roduc t and p r o c e s s v a r i a t i o n . 
2 2 
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A f t e r t h e b u i l d i n g o u t l i n e was e s t a b l i s h e d , t h e 
p r o d u c t i o n e q u i p m e n t was p l o t t e d i n t h e g e n e r a l a r e a s 
p r e v i o u s l y a s s i g n e d . R e a r r a n g e m e n t o f t h e e q u i p m e n t f o l l o w e d 
u n d e r t h e i n f l u e n c e o f p r o c e s s f l o w , m a t e r i a l s h a n d l i n g , 
a i s l e s p a c e , a n d s i m i l a r l a y o u t f a c t o r s . T h e s u p p l y a n d 
t o o l r o o m f o l l o w e d I n m u c h t h e same p r o c e d u r e a s d i d t h e 
m e n ' s l a v a t o r y a n d t h e o f f i c e s . M a c h i n e r y u n i t s l e f t o u t 
o f t h e l a y o u t u n t i l t h e f a c i l i t i e s w e r e t e m p o r a r i l y e s t a b ­
l i s h e d , w e r e n o w i n s e r t e d i n t h e s p a c e a l l o t e d . R e a r r a n g e ­
m e n t o f e q u i p m e n t a n d p a r t i t i o n s n e e d e d a f t e r t h e l a y o u t 
was t e n t a t i v e l y c o m p l e t e d w e r e m a d e a s d i s c r e p a n c i e s w e r e 
f o u n d . A g a i n , d u r i n g t h e f i n a l s t a g e s o f t h e l a y o u t ( o p e r ­
a t i o n s 13 A , B , a n d D o f A p p e n d i x C ) , c h a n g e s t o p r o v i d e a 
b e t t e r a r r a n g e m e n t w e r e f o u n d n e c e s s a r y . C o n s t r u c t i o n o f 
t h e b r i d g e c r a n e s y s t e m was c o n f i n e d t o M e t h o d s I I I a n d I V 
a s t h e o t h e r m e t h o d s w e r e n o t s u i t a b l e f o r s h o w i n g o v e r h a n g ­
i n g p r o j e c t i o n s . P l a n v i e w p h o t o g r a p h s o f e a c h m e t h o d a r e 
s h o w n o n t h e f o l l o w i n g p a g e s . 
METHOD I • Dl 
P i g . 3 
F i g . k 
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C H A P T E R V 
E V A L U A T I O N A N D R E S U L T S 
T h e e v a l u a t i o n o f l a y o u t m e t h o d s c o n s i s t e d o f a 
c o m b i n a t i o n o f q u a n t i t a t i v e a n d q u a l i t a t i v e s t u d i e s . 
Q u a n t i t a t i v e a n a l y s i s . — I n c l u d e d i n t h e q u a n t i t a t i v e e v a l ­
u a t i o n a r e t h e c o s t o f t h e l a y o u t i n t e r m s o f l a b o r a n d 
m a t e r i a l , t h e t i m e r e q u i r e d t o p e r f o r m t h e l a y o u t , a n d t h e 
d e g r e e o f f l e x i b i l i t y i n c r e a t i n g t h e l a y o u t a n d m a k i n g 
c h a n g e s • 
T h e a s s i g n m e n t o f a d e f i n i t e m o n e t a r y v a l u e t o l a b o r 
I s a d i f f i c u l t t a s k a s s e c t i o n s o f t h e l a y o u t m a y b e p e r f o r m ­
e d b y n o n - t e c h n i c a l p e r s o n n e l w i t h a $ 2 0 0 / m o n t h s a l a r y , o r 
b y p r o f e s s i o n a l e n g i n e e r s w i t h $ 9 0 0 / m o n t h s a l a r y . F o r 
p u r p o s e s o f c o m p a r i s o n , t h e t y p i c a l s a l a r y o f a n i n d u s t r i a l 
e n g i n e e r i n g t r a i n e d s u p e r v i s o r ( a b o u t |600/month o r $3.50/hour) 
was u s e d f o r a l l o p e r a t i o n s i n e a c h m e t h o d . C i t e d c o s t s o f 
m a t e r i a l w e r e p u r c h a s e p r i c e s a t l o c a l a r c h i t e c t s ' s u p p l y 
h o u s e s o r q u o t a t i o n s f r o m " V i s u a l " P l a n t L a y o u t s I n c . , 
O a k m o n t , P e n n s y l v a n i a . T i m e a n d m a t e r i a l d a t a w e r e p r e ­
p a r e d i n t h e f o l l o w i n g t a b l e s , s u m m a r i z e d f r o m A p p e n d i x C 
F l e x i b i l i t y was d e t e r m i n e d b y c o m p u t i n g t h e t i m e 
a n d e x p e n s e i n v o l v e d i n r e a r r a n g i n g t h e l a y o u t a s s h o w n b y 
O p e r a t i o n s 6B, 7 B , 8B, 9B, 1 0 B , 1 1 , a n d 1 3 E i n T a b l e 5. 
T a b l e 3. C o s t A n a l y s i s 
M e t h o d L a b o r 
C o s t a t $3.50/Hr. 
M a t e r i a l M a t e r i a l 
C o s t 
T o t a l 
C o s t 
C o s t 
R a t i o 
I $69.23 N o n e N o n e 169.23 1.30 
I I 51.62 R o l l o f l/V S c o t c h T a p e 1 1/21 x 2i-1/V1 g r i d s h e e t #1.15 .50 "1.65 53.27 1 
I I I 24.88 R o l l o f 1/V S c o t c h T a p e 1 1/2' x 2'-1/V g r i d 
L u c i t e b o a r d 
15 L u c l t e c o l u m n s 
12" o u t s i d e w a l l s 
V i n s i d e p a r t i t i o n s 
130 m o d e l s 
C r a n e s y s t e m ( h a n d m a d e ) 
1.15 18.00 11.25 7.00 7.50 312.00 1.50 358.V) 383.28 7.19 
I V 61.95 Same m a t e r i a l s a s i n M e t h o d I I I 358.1+0 1*20.35 7.90 
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T a b l e 4* T i m e E l e m e n t 
M e t h o d 
I I I I I I I V 
T i m e i n 19.78 14.75 7.11 17.70 
H o n r s 
T i m e R a t i o 2.78 2.08 1.00 2.49 
B y s u b s t i t u t i n g v a r i a t i o n s o f e a c h m e t h o d s i g n i f i c a n t ­
l y d i f f e r e n t r e s u l t s a p p e a r e d . F o r e x a m p l e , i f r e a d y - m a d e 
t e m p l e t s w e r e p u r c h a s e d i n s t e a d o f m a d e i n M e t h o d I I , t h e 
c o s t o f t i m e i n T a b l e 3. d e c r e a s e d t o §23.63 a n d t h e c o s t 
o f m a t e r i a l i n c r e a s e d t o $55.50, p r e s e n t i n g a n e w t o t a l o f 
|79.13.E T h e t i m e i n T a b l e 4* d e c r e a s e d b y e i g h t h o u r s . A 
s i m i l a r d e c r e a s e i n l a b o r c o s t , i n c r e a s e i n m a t e r i a l c o s t 
a n d d e c r e a s e i n t i m e was e v i d e n t i n M e t h o d I V . O f c o u r s e , 
t h e s e v a r i a t i o n s a r e c o n t i n g e n t o n t h e a v a i l a b i l i t y o f 
t h e e x a c t t e m p l e t s n e e d e d . 
I f t h e c r a n e a s s e m b l y i n M e t h o d s I I I a n d I V c o u l d b e 
p u r c h a s e d , t h e c o s t o f t h e s e m e t h o d s w o u l d b e d e c r e a s e d i n 
t i m e a n d i n c r e a s e d I n m a t e r i a l ; t h e s e l a y o u t s w o u l d h a v e 
a f f o r d e d a b e t t e r c o m p a r i s o n t o M e t h o d s I a n d I I w h i c h 
c a n n o t s a t i s f a c t o r i l y i l l u s t r a t e t h e c r a n e a s s e m b l y . 
Q u a n t i t a t i v e r e s u l t s . — T h e q u a n t i t a t i v e a n a l y s i s s h o w s 
M e t h o d I I t o b e f a v o r e d s i g n i f i c a n t l y i n t e r m s o f c o s t a n d 
f l e x i b i l i t y , b u t o n l y s e c o n d b e s t i n t i m e . A c c o r d i n g l y , 
e Q u o t e d f r o m " V i s u a l " P l a n t L a y o u t s I n c . , O a k m o n t , P a . 
T a b l e 5. F l e x i b i l i t y 
O p e r a t i o n 
I 
M e t h o d 
I I I I I I V 
T i m e 
H o u r s 
i n L a b o r 
C o s t $ 
T i m e 
H o u r s 
I n L a b o r 
C o s t # 
T i m e i n L a b o r 
H o u r s C o s t $ 
T i m e i n 
H o u r s 
L a b o r 
C o s t ! 
6B 2.63 9 .21 0.35 1.23 0.75 2.63 0.35 1.23 
7 B 0.85 2.97 0.25 0.87 0.47 1.65 0.25 0.87 
8B 0.78 2.73 0 o 2 0 0.70 o.J+2 1.47 0 . 2 0 0.70 
9B 0.73 2.55 0.30 1.05 0.42 1.47 0 . 2 0 1.05 
10B 1.23 4.31 0.̂ 8 1.68 0.68 2.38 0.ii8 1.68 
11 0.25 0.87 * •>«• •JI-
1 3 E 2.88 10.08 0.24 0.84 0,59 2.07 0.78 2.73 
T o t a l 9.35 $32.72 1.82 $6.37 3.33 $11.67 2.36 $8.26 
R a t i o 5.114- 1 1.83 1.30 
# T o o s m a l l t o b e s i g n i f i c a n t 
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M e t h o d I I w o u l d b e c h o s e n ; i t w o u l d b e s e l e c t e d o n a 
s o u n d e r b a s i s i f t h e a s s u m p t i o n c o u l d b e m a d e t h a t t i m e , i n 
t e r m s o f o v e r - t i m e h o u r s a n d / o r p u r c h a s e d t e m p l e t s , c o u l d 
b e m o r e e a s i l y p r o c u r e d i n a j o b s h o p t h a n c o u l d c a p i t a l f o r 
i n v e s t m e n t . T h e 2 o 0 8 ; l t i m e r a t i o w o u l d t h e n o v e r b a l a n c e t h e 
1:7.19 c o s t r a t i o i n M e t h o d s I I a n d I I I , 
Q u a l i t a t i v e a n a l y s i s , - - F o u r f a c t o r s w h i c h a r e d i f f i c u l t o f 
p r e c i s e m e a s u r e m e n t e n t e r i n t o t h e s e l e c t i o n o f t h e b e s t 
l a y o u t t e c h n i q u e f o r t h e j o b s h o p , n a m e l y ; (1) t h e e d u c a ­
t i o n a l l e v e l r e q u i r e d t o p e r f o r m t h e l a y o u t , (2) t h e m e n t a l 
e f f o r t r e q u i r e d t o d o t h e l a y o u t , f3) t h e s p a c e p e r c e p t i o n 
a n d u t i l i z a t i o n a t t a i n e d b y t h e l a y o u t t e c h n i c i a n , a n d ( l i ) 
t h e d e c i s i o n i n f l u e n c e o n m a n a g e m e n t . T h e e d u c a t i o n a l l e v e l 
f a c t o r w o u l d q u e s t i o n t h e u s e o f t h e l a y o u t t e c h n i q u e s w i t h 
t h e e q u i v a l e n t a b i l i t y o f a t e c h n i c i a n , e n g i n e e r , e x e c u t i v e , 
o r e v e n a m e c h a n i c . T h e s e c o n d c o n s i d e r a t i o n w o u l d w e i g h 
t h e r a t i o o f s e l f e v i d e n t p r o c e d u r e t o m a t t e r s r e q u i r i n g 
d e e p t h o u g h t a n d c o n s t a n t s e a r c h i n g , G i v e n a s p e c i f i c 
l e n g t h o f t i m e t o p e r f o r m a l a y o u t , s p a c e p e r c e p t i o n a n d 
u t i l i z a t i o n w o u l d t e s t t h e r e l a t i v e e f f e c t i v e n e s s o f e a c h 
t e c h n i q u e . T h e i n f l u e n c e d e c i s i o n o n m a n a g e m e n t q u e s t i o n s 
t h e c o r a p r e h e n s i b i l i t y o f t h e r e s p e c t i v e r e s u l t s o b t a i n e d 
t h r o u g h u s e o f t e c h n i q u e s b y t h e p o l i c y - m a k e r s w i t h i n t h e 
i n d u s t r i a l e n t e r p r i s e . 
I n o r d e r t o a r r i v e a t some s i g n i f i c a n t c o n c l u s i o n , a 
f o r m o f d e c i s i o n t h e o r y was e m p l o y e d t o w e i g h t h e a b o v e 
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factors.(20) In essence, this theory proposes that for each 
problem there can be selected several methods of solution 
(Mi) which will in turn result in several possible actions 
(Aj). The probabilty (Pij - i methods with j possible 
actions) that a method will produce a certain action is one 
of the considerations in making the decision which is the 
choice of the best layout method. The chances of success in I i 
any situation must be estimated; however, the best decision 
will not always depend on the highest probabilty atained 
i 
since the resulting actions (Aj) should be assigned ranked 
values in accordance with an individual's preference. By 
assigning Â  with an evaluation factor (Ej - a measure of 
i 
individual preference) the best decision may now be deter­
mined by the method which maximizes P̂ jEj. If two methods of 
solution (M]_ and M2) were to be decided upon, each producing three results (Ai, A2, and A3), selection of one by ranking alone might produce one decision whereas closer investigation 
by assigning values (Ei, E2, and Ê) to the results and weighing each Ej in each probabilty could produce a 
diferent decision—a more accurate one. For example: 
Table 6. Decision Theory Evaluation 
A l <E1 = 6) A2 (E2 = 5) A3 (E3 = 1) 
Ml = 10 P12 = 2 p13 = 3 
M2 P21 = 3 P22 = 7 P23 = 8 
34 
i n T a b l e 6 . w h e r e S P 1 ( M 1 ) = 15 a n d 2 P i ( M 2 ) = 1 8 , t h e c h o i c e 
w o u l d l e a n t o w a r d Hg* H o w e v e r , b y a s s i g n i n g E j t o e a c h A j 
a n d w e i g h t i n g t h e s e v a l u e s , t h e r e s u l t s a r e : 
2 P i J ( V = P 1 1 E 1 + ? 1 2 E 2 +
 P13 E3 
= ( 6 0 ) + ( 1 0 ) + (3) 
= 73 
2 P l t j ( M 2 ) = ^ 2 1 ^ 1 + P 2 2 E 2 +
 P23E3 
= ( 1 8 ) + (35) + ( 8 ) 
= 6 1 
T h i s i s a r e v e r s a l o f t h e d e c i s i o n i n f a v o r o f M ^ ; t h e 
l a t t e r c a s e b e i n g m o r e a c c u r a t e . 
T h e P ^ j i s d e t e r m i n e d b y t h e i n d i v i d u a l ' s e s t i m a t e 
o f h o w w e l l t h e A j w i l l s a t i s f y t h e g i v e n s i t u a t i o n ( o r i t s 
e f f e c t i v e n e s s ) w i t h c o m p a r i s o n t o o t h e r P ^ j ' s , e t c , g i v e n 
a s e l e c t e d l i n e a r s c a l e . T h e E j i s d e t e r m i n e d b y f i r s t 
r a n k i n g t h e A j i n o r d e r o f r e l a t i v e i m p o r t a n c e , w i t h o u t 
c o n s i d e r a t i o n o f v a l u e . O n a l i n e a r s c a l e , v a l u e s ( E j ) 
a r e t h e n t e n t a t i v e l y a s s i g n e d t o t h e A . , S t a r t i n g w i t h A ] _ , 
t h e v a l u e s E 2 , E ^ , • • • E ^ . a r e c h e c k e d f o r t h e i r r e l a t i v e r a n k 
w i t h E-j_ b y q u e s t i o n i n g t h e p r e f e r e n c e o f A ^ o v e r t h e c o m b i n ­
a t i o n A 0 + A ~ + • • • A , , I f A _ < , = , > A 0 + A . + A , , t h e n t h e 
^ 3 k 1 ^ 3 k 
E g , E ^ , • • • E j c m u s t b e a l t e r e d a r i t h m e t i c a l l y t o s a t i s f y t h e 
d e c i s i o n , A 2 i s c h o s e n n e x t t o t e s t t h e r e l a t i o n s h i p o f 
A^,o,,A^, a n d s o f o r t h . W h e n n u m e r i c a l c h a n g e s a r e m a d e , 
p r e v i o u s r e l a t i o n s h i p s s h o u l d n o t b e d i s t u r b e d u n l e s s i n 
t h e a p p l i c a t i o n o f t h i s p r o c e s s t h e r e a s o n i n g i s c h a n g e d . 
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A p p l i c a t i o n o f t h e d e c i s i o n t h e o r y w a s a c c o m p l i s h e d 
b y a s k i n g t e n g r a d u a t e i n d u s t r i a l e n g i n e e r i n g s t u d e n t s w i t h 
l i t t l e l a y o u t e x p e r i e n c e a n d f o u r i n d u s t r i a l e n g i n e e r i n g 
p r o f e s s o r s w i t h m o d e r a t e b u t n o t e x t e n s i v e e x p e r i e n c e t o 
r a t e t h e p r o b a b i l i t i e s o f ( A - ^ ) e d u c a t i o n a l l e v e l , ( A 2 ) m e n t a l 
e f f o r t , ( A ^ ) s p a c e p e r c e p t i o n , a n d ( A ^ ) d e c i s i o n i n f l u e n c e 
u n d e r t h e p o s s i b l e m e t h o d s ( M ^ ) d r a f t i n g , (M 3 t e m p l e t s , ( M ^ ) 
m o d e l s , a n d ( M ^ ) t e m p l e t s a n d m o d e l s . T h e y w e r e t h e n a s k e d 
t o e v a l u a t e A - ^ , A ^ , A ^ , a n d A ^ b y a s s i g n i n g v a l u e s E ^ , E 2 , 
E ^ , a n d E^_ s i m i l a r t o t h e p r e v i o u s e x a m p l e . F o r a m o r e 
d e t a i l e d a c c o u n t o f t h e i n f o r m a t i o n a s k e d , a c o p y o f d a t a 
e v a l u a t i o n s u r v e y i s i n c l u d e d i n A p p e n d i x D t o g e t h e r w i t h 
t h e r e s u l t s o f e a c h p a r t i c i p a n t . 
T h e c o m p u t a t i o n p r o c e d u r e o f t h e s o l i c i t e d d a t a 
a p p e a r s o n d a t a e v a l u a t i o n s h e e t n u m b e r o n e o n l y , a s a l l 
o t h e r p r o c e d u r e s a r e s i m i l a r . S i n c e t h e i n d i v i d u a l r a w 
e v a l u a t i o n s d i f f e r e d w i d e l y i n s c a l e , r e s u l t s w e r e t r a n s f o r m e d 
i n t o a p e r c e n t v a l u e o f 1 0 0 f o r c o m p a r i s o n . 
A t a b u l a t i o n o f t h e a d j u s t e d r e s u l t s i s s h o w n i n 
T a b l e 7 » A s t a t i s t i c a l a n a l y s i s o f t h e r e s u l t s o f e a c h 
m e t h o d i s s h o w n i n T a b l e 8 . w h e r e X i s t h e a r i t h m e t i c a v e r a g e 
a n d s i s t h e u n b i a s e d e s t i m a t e o f t h e s t a n d a r d d e v i a t i o n o f 
t h e f o u r t e e n d e t e r m i n a t i o n s f o r e a c h m e t h o d . 
T h e f i r s t h y p o t h e s i s t e s t e d i s t h a t t h e v a r i a n c e s o f 
t h e f o u r m e t h o d s a r e h o m o g e n e o u s . I n t e r m s o f t h e d a t a s h o w n 
i n T a b l e 8 . , t h i s w o u l d i m p l y t h a t t h e r e s u l t s f o r e a c h 
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T a b l e 7. S u m m a t i o n o f D a t a E v a l u a t i o n 
P a r t i c i p a n t M e t h o d 
I I I I I I I V 
1. i o . 5 20.3 32.1 37.1 
2 . 1 7 a 21.0 31.3 3 0 . 5 
3. 8.6 15.5 25.k SO.k 
k. 12.9 2 7 . 9 2 2 . 0 37.0 5, 12.9 2k.k 29.7 33.0 
6 6 i|-6 26.8 4 2 . 0 2 6 . 6 





lf-1.7 2 8 . 2 
9. 18.6 35.7 il-1.2 
10o 2I+.3 23.3 2 6 . 1 2 6 . 3 
1 1 . 1 3.1 1 9.8 2 8 . 2 38.9 
1 2 , 1 5.2 1 7 . 7 3 1 . 6 2 5 . 4 
1 3 . 13.7 2 5 . 2 2 9.7 31 .k 
Ik. 10.3 18.5 34.2 37.0 
T a b l e 8. S t a t i s t i c a l T a b u l a t i o n 
M e t h o d 
I I I I I I I V 
11.5 21.2 3 L 9 35.3 
s 6.0 3.9 5.8 6.7 
m e t h o d h a d t h e same d i s p e r s i o n o r v a r i a b i l i t y . T h i s h y p o t h e s i s 
was t e s t e d s t a t i s t i c a l l y b y t h e u s e o f B a r t l e t t ' s T e s t . ( 2 1 ) 
T h e r e s u l t s o f t h i s t e s t i n d i c a t e d t h a t t h i s h y p o t h e s i s o f 
h o m o g e n e i t y o f v a r i a n c e s i s r e a s o n a b l e , s i n c e t h e P v a l u e 
o b t a i n e d d i d n o t a p p r o a c h s i g n i f i c a n c e . T h e c a l c u l a t i o n s f o r 
a l l t e s t s c a n b e f o u n d i n A p p e n d i x E . 
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S i n c e t h e h y p o t h e s i s o f e q u a l v a r i a n c e s i s a c c e p t e d , 
t h e m e t h o d p r e f e r e n c e s h o w n b y t h e T1s w a s t e s t e d f o r s i g n i ­
f i c a n c e . T h e s e c o n d h y p o t h e s i s m a d e i s t h a t e a c h X" i s n o t 
s i g n i f i c a n t l y d i f f e r e n t f r o m t h e o t h e r s , o r n o o n e m e t h o d 
was p r e f e r r e d o v e r a n y o t h e r . M e t h o d s I I I a n d I V w i t h t h e 
c l o s e s t p r e f e r e n c e r a t i n g s w e r e s e l e c t e d f i r s t u s i n g 
S t u d e n t ' s t d i s t r i b u t i o n(22 ) f o r t e s t i n g t h e d i f f e r e n c e b e ­
t w e e n p a i r s o f s a m p l e m e a n s . T h e s a m p l e v a l u e f o r t was 
l . l j .8 , a v a l u e w h i c h i s n o t c o n s i d e r e d s t a t i s t i c a l l y s i g n i ­
f i c a n t . M e t h o d s I a n d I I h a v i n g t h e n e x t l a r g e s t d i f f e r e n c e 
o f X's w e r e t h e n t e s t e d . T h e s a m p l e v a l u e f o r t was 5»07* 
a v a l u e w h i c h i s s i g n i f i c a n t a t l e s s t h a n t h e 0.25 p e r c e n t 
l e v e l . S i n c e t h e d i f f e r e n c e s o f t h e r e m a i n i n g c o m b i n a t i o n s 
o f X 's a r e l a r g e r t h a n t h e c a s e j u s t c i t e d , a l l o t h e r 
d i f f e r e n c e s a r e s i g n i f i c a n t * 
Q u a l i t a t i v e r e s u l t s . — T h e c o n c l u s i o n s r e a c h e d i n t h e q u a l i ­
t a t i v e a n a l y s i s s e c t i o n a r e t h a t (1) M e t h o d I i s t h e p o o r e s t 
c h o i c e , (2) M e t h o d I I I s a b e t t e r s e l e c t i o n t h a n M e t h o d I , a n d 
C3) M e t h o d s I I I a n d I V a r e b e s t . A l t h o u g h M e t h o d I V d o e s 
h a v e a h i g h e r T t h a n M e t h o d I I I , t h i s d i f f e r e n c e was n o t 
f o u n d t o b e s t a t i s t i c a l l y s i g n i f i c a n t w h e r e a s t h e d i f f e r e n c e s 
o f t h e o t h e r X ' s w e r e f o u n d t o b e s i g n i f i c a n t . 
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C H A P T E R V I 
C O N C L U S I O N S 
T h e r e s u l t s o f e a c h e v a l u a t i o n a n a l y s i s s p e c i f y 
d i f f e r e n t o p t i m u m m e t h o d s . I f t h e t w o e v a l u a t i o n s h a d 
r e s o l v e d i n t o t h e same a n s w e r , t h e r e i n f o r c e m e n t o f o n e 
s o l u t i o n u p o n t h e o t h e r w o u l d h a v e l e f t n o d o u b t a s t o t h e 
b e s t s e l e c t i o n . 
U p o n i n s p e c t i o n o f t h e s p a c e p e r c e p t i o n a n d u t i l i z a t i o n 
d a t a , i t was f o u n d t h a t t h e p r e m i s e o f e q u a l " t h i n k " t i m e s 
d o e s n o t n e c e s s a r i l y h o l d t r u e b e c a u s e o f t h e v a r i e d a s s i g n ­
m e n t o f v a l u e s i n e a c h m e t h o d . I t i s a s s u m e d t h a t b y 
u s i n g a n y l a y o u t t e c h n i q u e t h e f i n a l s p a c e u t i l i z a t i o n 
w o u l d b e t h e s a m e , a s d e s i g n e d i n t h e e x p e r i m e n t . T h i s 
m e a n s t h a t s p a c e p e r c e p t i o n m u s t v a r y f r o m o n e m e t h o d t o 
t h e n e x t w h i c h a l s o i n f e r s v a r y i n g " t h i n k " t i m e s . " T h i n k " 
t i m e s f o r M e t h o d I I , t h e i n i t i a l p r o c e d u r e , w o u l d r e m a i n t h e 
same w h i l e M e t h o d I " t h i n k " t i m e s w o u l d b e i n c r e a s e d b e c a u s e 
o f t h e l o w v a l u e s a s s i g n e d " C . " i n t h e e v a l u a t i o n d a t a s u r v e y 
s h e e t . C o n v e r s e l y , " t h i n k " t i m e s f o r M e t h o d s I I I a n d I V 
w o u l d b e d e c r e a s e d b e c a u s e o f t h e h i g h v a l u e s a s s i g n e d " C " . 
T h e o v e r a l l t i m e e l e m e n t s w o u l d b e c h a n g e d c o r r e s ­
p o n d i n g l y , d e c r e a s i n g t h e c o s t s o f M e t h o d s I I I a n d I V w h i l e 
i n c r e a s i n g t h e t i m e r a t i o o f M e t h o d I I I w i t h I I . T h i s w o u l d 
p o s s i b l y l e a d t o t h e c o n c l u s i o n t h a t M e t h o d s I I I a n d I V c o u l d 
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b e p r e f e r r e d q u a n t i t a t i v e l y a s w e l l a s q u a l i t a t i v e l y t h e r e b y 
s e l e c t i n g M e t h o d s I I I a n d / o r I V a s t h e b e s t c h o i c e . 
I n v i e w o f t h e p r e v i o u s c o n s i d e r a t i o n s , t h r e e g e n e r a l 
s t a t e m e n t s c a n b e p o s t u l a t e d . (1) F o r m a c h i n e s h o p l a y o u t s 
w h e r e t i m e l i m i t a t i o n i s t h e m o s t i m p o r t a n t f a c t o r , M e t h o d 
I I I , t h e m o d e l t e c h n i q u e , i s t h e b e s t c h o i c e . (2) F o r 
m a c h i n e s h o p l a y o u t s w h e r e c a p i t a l i n v e s t m e n t m u s t b e 
m i n i m i z e d , M e t h o d I I , t h e t e m p l e t t e c h n i q u e , i s m o s t s a t i s ­
f a c t o r y . (3) W h e r e t h e r e i s a q u e s t i o n o f u s i n g e i t h e r 
M e t h o d I I o r I I I , M e t h o d I I I s h o u l d b e s e l e c t e d b e c a u s e o f 
r e i n f o r c e m e n t b y t h e q u a l i t a t i v e a n a l y s i s . 
C H A P T E R V I I 
R E C O M M E N D A T I O N S 
A l t h o u g h i t was q u a l i t a t i v e l y d e t e r m i n e d t h a t s p a c e 
p e r c e p t i o n v a r i e s w i t h t h e " t h i n k " t i m e r e q u i r e d i n t h e 
s e v e r a l l a y o u t t e c h n i q u e s , i t i s t h e o p i n i o n o f t h e a u t h o r 
t h a t t h e s e t i m e s w o u l d n o t b e s i g n i f i c a n t l y c h a n g e d s o a s 
t o i n v a l i d a t e t h e p r o c e d u r e o r c o n c l u s i o n s p r e s e n t e d i n 
t h i s p a p e r . A n e f f o r t s h o u l d b e m a d e t o q u a n t i f y t h e t r u e 
e f f e c t o f t h i s p h e n o m e n o n f o r t h e p u r p o s e o f a c c e p t i n g o r 
r e j e c t i n g t h e p r e v i o u s c o n c l u s i o n s . 
R a t h e r t h a n p e r f o r m a d u p l i c a t e t e s t o f t h e p r o b l e m 
i n t h i s w o r k , i t i s s u g g e s t e d t h a t s e v e r a l d i f f e r e n t p r o b l e m s 
b e d e s i g n e d , e a c h t o b e p e r f o r m e d o n l y o n c e a n d e a c h p r o b l e m 
t o b e s o l v e d w i t h a d i f f e r e n t m e t h o d . I n t h i s w a y , a n y 
p e r s o n p e r f o r m i n g t h e l a y o u t w o u l d n o t u s e a n y m e t h o d m o r e 
t h a n o n c e , n o r w o u l d h e w o r k t h e same p r o b l e m m o r e t h a n o n c e . 
F o r p u r p o s e o f c o m p a r i s o n , p a r t i c i p a n t s w i t h a s n e a r 
t h e same b a c k g r o u n d i n l a y o u t e x p e r i e n c e m u s t b e s e l e c t e d . 
T h e y s h o u l d b e t i m e d i n d e p e n d e n t l y t o s u f f i c i e n t l y d i s t i n g u i s h 
" t h i n k " t i m e s f r o m o t h e r t i m e . A c o m p l e t e s t a t i s t i c a l 
a n a l y s i s c o u l d b e u s e d t o e v a l u a t e t h e r e s u l t s . 
A P P E N D I X A 
A C O N D E N S E D F O R M O F T H E 
A M E R I C A N S O C I E T Y O F M E C H A N I C A L E N G I N E E R S 
P R O P O S E D C O D E F O R S T A N D A R D I Z I N G L A Y O U T N O M E N C L A T U R E 
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A C O N D E N S E D F O R M O F T H E 
A M E R I C A N S O C I E T Y O F M E C H A N I C A L E N G I N E E R S 
P R O P O S E D C O D E F O R S T A N D A R D I Z I N G L A Y O U T N O M E N C L A T U R E (23) 
T e m p l e t s . - - T h e s t a n d a r d c o v e r s t w o - d i m e n s i o n a l , o n e -
p l a n e t e m p l e t s a n d t h r e e - d i m e n s i o n a l e q u i p m e n t m o d e l s . 
T e m p l e t s c a l e i s 1/4 i n . e q u a l s 1 f t . , U . S . m e a s u r e . 
T h i s s c a l e i s s t a n d a r d w i t h a r c h i t e c t s , e n g i n e e r s , f u r n i ­
t u r e a n d e q u i p m e n t m a n u f a c t u r e r s , e t c , f o r p l a n n i n g 
p u r p o s e s . E q u i p m e n t o u t l i n e s a r e t h o s e w h i c h w o u l d b e 
m a d e a r o u n d t h e p e r i p h e r y o f a p i e c e o f e q u i p m e n t b y a 
p l u m b l i n e h e l d 7 f t . a b o v e t h e f l o o r , a n d p a s s e d a r o u n d 
t h e o u t l i n e o f t h e m a c h i n e . P r o j e c t i o n s s u c h a s w h e e l s , 
h a n d l e s , e t c , a r e s e p a r a t e l y i n d i c a t e d a s d e t a i l s n o t i n 
t h e p e r i p h e r y . 
D e t a i l s o n t h e t e m p l e t a r e t h o s e n e c e s s a r y t o m a k e i t 
d i s t i n g u i s h a b l e a n d t o l o c a t e i m p o r t a n t p o i n t s . K i n d s a n d 
r e l a t i v e w e i g h t s o f l i n e s u s e d a r e : 
F i x e d o u t l i n e o f m a c h i n e t o o l o r 
e q u i p m e n t T h i c k s o l i d l i n e 
D e t a i l p a r t s a n d s u b s t r u c t u r e s T h i n s o l i d l i n e 
C l e a r a n c e s f o r m o v i n g p a r t s o f 
m a c h i n e t o o l o r e q u i p m e n t T h i c k d a s h l i n e 
O v e r h e a d o r u n d e r g r o u n d e l e m e n t s , 
f o u n d a t i o n p i t s , s e r v i c e 
c l e a r a n c e s a n d o t h e r e l e m e n t s 
i m p o r t a n t t o t h e t e m p l e t • • • M e d i u m d o t - a n d -
d a s h l i n e 
C e n t e r l i n e s • T h i n d o t - a n d - d a s h 
l i n e 
C l e a r a n c e s f o r m o v a b l e p a r t s , a c c e s s a n d o p e r a t i o n a r e 
s h o w n i n d a s h l i n e s . T e m p l e t s do n o t i n c l u d e 
s t o r a g e , s e r v i c e o r o t h e r s p a c e . 
I n t e r f e r e n c e s a r e i n d i c a t e d b y m e d i u m d o t - a n d - d a s h 
l i n e s a n d a r e i n c l u d e d i n f i n a l d r a w i n g s . 
D a t a o n t h e t e m p l e t s i n c l u d e s : o v e r - a l l l e n g t h , 
w i d t h , h e i g h t , i n c l u d i n g t r a v e l c l e a r a n c e b u t n o t 
o p e r a t o r o r f e e d c l e a r a n c e s . W e i g h t a n d h o r s e ­
p o w e r a r e g i v e n . 
S p e c i f i c a t i o n s f o r i d e n t i f i c a t i o n a r e : m o d e l o r 
s t y l e , n a m e , s i z e , u s e r c o m p a n y i d e n t i f i c a t i o n 
m a r k s o r n u m b e r s . 
O p e r a t o r p o s i t i o n I s s h o w n b y a s h o r t h e a v y a r r o w . 
O t h e r d a t a i n c l u d e d a r e c o n t r o l s , s e r v i c e p r o v i s i o n s , 
p o w e r c o n n e c t i o n p o i n t s , a n d s i m i l a r i n d i c a t o r s 
o f n e c e s s a r y a u x i l i a r y o p e r a t i n g f a c i l i t i e s . 
k 3 
Templets should be printed on 110 l b . , or more, 
index b r i s to l or similar durable stock. I t i s 
preferable to use colored stock: 
Machine tools and other operating or production 
equipment • • • • .Salmon 
Office equipment and standard factory equipment-
bins , racks, locker room equipment, t o i l e t 
and washroom f a c i l i t i e s * * Green 
Materials handling equipment • • • • • •Ye l low 
A u x i l i a r i e s - p a l l e t s , skids , tote boxes, 
t rays , pans, e t c » • 0 • • • • • • • • • • • • • • • • • - R e d 
Models.—Three dimensional scale representations of 
equipment and f a c i l i t i e s , ca l led models, are made from 
wood, metal or p las t ic by appropriate processes, in­
cluding tool and machine fashioning, die cast ing, and 
p las t i c production methods. 
The scale i s the same as that for templets, 1/1+ in. 
equals 1 f t . , U. S. measure. 
Details included are those su f f i c i en t , without d i s ­
tor t ion , to identify the model and show i t s important 
s tructural and operating features for ready ident i f ica t ion 
of the equipment and indication of i t s operating require­
ments so far as plant layout i s concerned. Control 
points and hazard areas are shown, with a l l controls 
and operating or moving parts located in neutral posi t ion, 
no moving parts being designed into the model unless I t 
is impossible to show them in any other way. 
Models are made in f inishes and colors as near as 
possible to the actual item represented-including 
multiple f in i shes , as in of f ice furniture. 
Machine-tool model f inishes should follow the recommend 
ations of the National Machine Tool Builders Associa t ion. 
Machined surfaces can be shown by aluminum paint . 
Control points should be shown by l igh t buff paint , 
conforming to the present-day pract ices for greater 
v i s i b i l i t y and safety . The pract ice of the individual 
company should be followed where models are used exclu­
s ive ly for a company. 
Allowances and clearances should not be exaggerated. 
Accompanying templets should show these allowances for 
extreme operating and service conditions, but should not 
include any operator or f a c i l i t i e s allowances, as stated 
above under discussion of templets. These accompanying 
templets should carrjr at l eas t name or description and 
model number, and, i f poss ib le , type, s i z e , maximum 
dimensions, certer l i n e s , weight, e t c . , and data on over­
head and underfloor requirements. 
Models should be durable, not eas i ly damaged, have a 
las t ing f in i sh , and have suff ic ient weight to stay in 
posit ion when placed, or be equipped with holes in the 
base for insertion of fastening pins . 
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A l l n e c e s s a r y i d e n t i f i c a t i o n m a r k i n g s — n a m e , n u m b e r , 
s i z e , d e s c r i p t i o n , e t c . s h o u l d b e g i v e n i n a b b r e v i a t e d 
f o r m a n d i n t h e m o s t s u i t a b l e p l a c e . 
M o d e l s s h o u l d be s o d e s i g n e d a s t o b e u s e d w i t h 
a c c o m p a n y i n g s t a n d a r d t e m p l e t s f o r t h e i d e n t i c a l e q u i p ­
m e n t . T h i s p r o v i s i o n f a c i l i t a t e s d r a w i n g t h e l a y o u t o n 
t h e f l o o r p l a n . 
APPENDIX B 
EQUIPMENT LIST - GIVEN CONDITIONS 
EQUIPMENT LIST - GIVEN CONDITIONS 
P r o d u c t i o n A r e a 
12 - L a t h e s 
5>-#3 U n i v e r s a l T u r r e t 
1 - G i s h o l t # 3 T u r r e t 
3 - L e B l o n d E n g i n e , 1 0 " , 1 2 " , 1 6 " 
I-II4." Warner and Swasey Engine 
1 - l i j . " P r a t t and Whitney Engine 
1 - R i v e t t P r e c i s i o n ( C a b i n e t ) 
6 - M i l l i n g Machines 
3 -Brown and Sharpe # 2 V e r t i c a l 
1 -Mi lwaukee H o r i z o n t a l 
1 - C i n c i n n a t i # 3 P l a i n 
1 -Brown and Sharpe # 2 P l a i n 
1 - C i n c i n n a t i 21}." Shaper 
I i - -Dr i l l P r e s s e s 
1 - C i n c i n n a t i - B i c k f o r d R a d i a l 
1 - 8 " Sho - speed 
1 - l l j . " D e l t a P e d e s t a l 
1 - K n i g h t B o r i n g M i l l 
1-22 Ton L & J Punch P r e s s 
2 - G r i n d e r s 
1 -Brown and Sharpe # 2 S u r f a c e 
1-Hammond Heavy Duty Tool 
1 - R a c i n e Hack Saw W3BX 
2 - D o - A l l HP-36 Band Saws 
2 - W e l d e r s 
1 - D i r e c t Cur ren t A r c on t r u c k 3' x 6' x ij. 
1 - H e l i a r c l 1 x 2 ' x 3' 
1 - D e n i s o n A r b o r P r e s s 
1L . -Benches 
6-3' x 5' 
2-3' x 8 ' 
1-2 1/2' x 8» 
1-2' x 8 ' 
2-3' x 6' 
1-5' x i|.' 
1-2' x 5 1 
E Q U I P M E N T L I S T - G I V E N C O N D I T I O N S ( C O N T I N U E D ) 
P r o d u c t i o n A r e a ( C o n ' d ) 
1 - W a t e r F o u n t a i n 
2 6 - M a c h i n e S t a n d s 1 1 / 2 ' x 2 ' x 3 » 
l - F o r e m a n * s D e s k 
1 - 5 T o n B r i d g e C r a n e A s s e m b l y 
S u p p l y a n d T o o l R o o m 
3-3' x 1 0 » x 6' B i n s a n d S h e l v i n g 
I-I4.8" R o t a b i n 
1 - B e n c h 2 ' x 1±» 
1 - D i a l P l a t f o r m S c a l e 2 ' x 3 1 / 2 " x 3' 
1 - 1 2 " D e l t a P e d e s t a l D r i l l P r e s s 
1 - 1 0 " S o u t h B e n d L a t h e 
1 - C i n c i n n a t i #2 P r e c i s i o n G r i n d e r 
2 - S t o c k R a c k s 
1 - 2 1 / 2 ' x 6 ' x 6' 
1 - 2 ' x 9 l / 2 » x 6» 
M e n ' s L a v a t o r y 
2 - T o i l e t s 
2 - U r i n a l s 
2 - C i r c u l a r i i 1 W a s h B a s i n s 
2 - B e n c h e s 1 1 / 2 ' x 1 0 ' 
6 - L o c k e r s 1 ' x I4.' 
L a d i e s ' L a v a t o r y 
1 - T o i l e t 
1 - S i n k 
E Q U I P M E N T L I S T - G I V E N C O N D I T I O N S ( C O N T I N U E D ) 
O f f i c e s 
3 - D e s k s 
1 - T y p i s t 
1-60" 
1-72" 
3 - L e t t e r P i l e s 
23 P e r s o n n e l ( o r o p e r a t o r s ) 
3 - O f f i c e 
1 - S u p p l y a n d T o o l R o o m 




METHOD (Times in Hours and Minutes) 
I II I I I IV 
Operation Act Total Think Act Total Act Total Act Total 
1 . Review given condi­
tions of problem; 
l i s t requirements 
for equipment and 
se rv ices . 20 20 20 20 20 20 20 20 
2. Sketch and measure 
tools and equip­
ment from manufac­
turers catalogs or 
actual f a c i l i t i e s . 3130 3*30 3130 3.30 3130 3:30 3.30 3:30 
3. Draw templets, ink 
in contours and 
controls , and 
cut out. 8.00 85OO 85OO 8:00 
il. Draw sketch of build­
ing floor plan; de­
termine general ser­
vice areas with 
regard for building 
design; sketch 
approximate grouping 
of a l l i e d equipment 
within areas. 35 35 35 35 35 35 35 35 
O p e r a t i o n 
P R O C E D U R E D A T A ( C O N T I N U E D ) 
I I I I I I 
A c t T o t a l 
I V 
5. A . D r a w b u i l d i n g 
o u t l i n e w i t h 
e x i s t i n g d o o r s 
a n d c o l u m n s . 
B . T a p e i n b u i l d ­
i n g o u t l i n e 
w i t h e x i s t i n g 
d o o r s a n d 
c o l u m n s . 
C . C u t p l a s t i c 
w a l l s t o l e n g t h 
a n d g l u e t o 
b a s e b o a r d t o 
f o r m b u i l d i n g 
o u t l i n e ; g l u e i n 
c o l u m n s a n d d o o r s . 
S u b - T o t a l : 
20 20 
07 07 07 07 
59 59 
20 20 07 07 59 59 
59 59 
1:06 1:06 
6. A . D r a w o r p l a c e 
p r o d u c t i o n t o o l s 
w i t h a l l i e d e q u i p ­
m e n t i n g e n e r a l 
a r e a s b e a r i n g i n 
m i n d t h e o v e r a l l 
a r r a n g e m e n t r e ­
q u i r e d i n e x i s t ­
i n g f a c i l i t i e s . 2:03 2:03 0l\. 0J+ 11 11 0i+ 0k 
B « R e a r r a n g e t h e 
f o l l o w i n g e q u i p ­
m e n t ( w i t h m a c h ­
i n e s t a n d s ) i n 
t h e g i v e n o r d e r : 
A c t T o t a l A c t T o t a l T h i n k A c t T o t a l 
PROCEDURE DATA (CONTINUED) 





#2 Vert ical 











Ver t ica l 




boring m i l l 0 
5)Brown and 
Sharpe #2 
Vert ical mil l 
with turret 





Plain m i l l . 
7)Remove from 
layout: 
Boring mil l 
Operation Act Total Think Act Total Act Total Act Total 
P R O C E D U R E D A T A ( C O N T I N U E D ) 
I I I I I I I V 
L e B l o n d -
E n g i n e l a t h e 
T u r r e t l a t h e 
R a d i a l D r i l l 
H a c k S a w 
2 - D o - a l l s a w s 
B&S #2 V e r t i ­
c a l m i l l 
P o r m a n ! s d e s k 
2 - w e l d e r s 
8 ) B r o w n a n d 
S h a r p e S u r f a c e 
g r i n d e r . 
9) C i n c i n n a t i 
S h a p e r w i t h 
b e n c h 
1 0 ) P u n c h P r e s s 
w i t h S l o - s p e e d 
D r i l l p r e s s 
1 1 ) 3*™benches 
1 2 ) 5 - b e n c h e s 2 :23 2 :38 15 06 2 1 30 k $ 06 2 1 
S\lfc) — T O t a l t — — — — ——>— — — —> _ — — — — — ___ _____ _ _ — — — — —— — — — — — — — 
2+: 2 6 k ' M 15 10 25 hi 56 10 25 
7. A . D r a w o r p l a c e 
S u p p l y a n d 
T o o l R o o m e q u i p ­
m e n t i n g e n e r a l 
a r e a . 16 16 02 02 05 05 02 02 
B « R e a r r a n g e t h e 
f o l l o w i n g 
e q u i p m e n t i n 
t h e g i v e n o r d e r : 
O p e r a t i o n A c t T o t a l T h i n k A c t T o t a l A c t T o t a l A c t T o t a l 
P R O C E D U R E D A T A ( C O N T I N U E D ) 
I I I I I I IV 
8. A . D r a w o r p l a c e 
m e n ' s l a v a t o r y 
e q u i p m e n t i n 
g e n e r a l a r e a , 17 17 01 01 02 02 01 01 
B . R e a r r a n g e t h e 
f o l l o w i n g e q u i p ­
m e n t i n t h e 
g i v e n o r d e r : 
l ) T o i l e t s w i t h 
u r i n a l s 
2)Wash b a s i n 
3)Wash b a s i n b a c k 
t o o r i g i n a l p l a c e 
O p e r a t i o n A c t T o t a l T h i n k A c t T o t a l A c t T o t a l A c t T o t a l 
1 ) S h e l v i n g a n d 
r a c k s 
2 ) S h e l v i n g a n d 
r a c k s 
3 ) S t o c k r a c k 
I j . ) R o t a b i n 
5 ) D r a w o r p l a c e 
t e m p o r a r y 
p a r t i t i o n s 
6)10" l a t h e 
w i t h b e n c h 
7 ) G r i n d e r w i t h 
D r i l l P r e s s 
8 )Move i n s i d e 
p a r t i t i o n 
9 ) S t o c k r a c k 1+1 51 10 05 15 18 28 05 15 
S u b - T o t a l : 
57 1:07 10 07 17 23 33 07 17 
P R O C E D U R E D A T A ( C O N T I N U E D ) 
I I I I I I I V 
9« A . D r a w o r p l a c e o f ­
f i c e s a n d l a d i e s ' 
l a v a t o r y e q u i p ­
m e n t i n g e n e r a l 
a r e a . 1 2 1 2 
B . R e a r r a n g e t h e 
f o l l o w i n g e q u i p ­
m e n t i n t h e 
g i v e n o r d e r : 
1 ) A 1 1 e q u i p m e n t 
f o r b o t h 
o f f i c e s 
2 ) D r a w o r p l a c e 
i n t e m p o r a r y 
p a r t i t i o n s 
3 ) D e s k 
k)Typewriter d e s k 
w i t h 3 f i l e s 
5 ) D e s k 2 9 k k 
S u b - T o t a l : 
01 01 02 02 01 01 















O p e r a t i o n A c t T o t a l T h i n k A c t T o t a l A c t T o t a l A c t T o t a l 
14 . )Draw o r p l a c e 
i n t e m p o r a r y 
p a r t i t i o n s 
5)Move p a r t i ­
t i o n w i t h 
t o i l e t s , 
u r i n a l s a n d 
b a s i n s . 37 k l 10 02 12 \ $ 2 $ 02 12 
S u b - T o t a l : 
5k l:0i|. 10 03 13 17 27 03 13 
P R O C E D U R E D A T A ( C O N T I N U E D ) 
I II III IV 
10* A . D r a w o r p l a c e b a l ­
a n c e o f p r o d u c ­
t i o n e q u i p m e n t 
( f r o m 6 - B-7) i n 
p r o p e r a r e a . 33 33 01 01 02 02 01 01 
B . R e a r r a n g e t h e 
f o l l o w i n g e q u i p ­
m e n t i n t h e 
g i v e n , o r d e r : 
1) S h a p e r 
2) P u n c h p r e s s 
3) A r b o r p r e s s 
%) S l o - s p e e d D r i l l 
p r e s s 
5) F o u n t a i n 
6) H e l i - a r c 
W e l d e r 
7) D . C A r c 
W e l d e r 
8) H a c k s a w w i t h 
f o r e m a n 1 s d e s k 
9) D o - a l l B a n d 
s a w 
10) 1+ b e n c h e s 
11) F o u n t a i n w i t h 
2 w e l d e r s a n d . n ^ 
h a c k s a w 5 k 1:11+ 20 09 29 21 1+1 09 2 9 
S u b - T o t a l : 
1:27 1:1+7 20 10 30 23 1+3 10 30 
1 1 . S w i t c h B a s i n s , 
t o i l e t s , a n d 
u r i n a l s w i t h 
p a r t i t i o n s ± 5 15 01 01 01 01 01 01 
O p e r a t i o n A c t T o t a l T h i n k A c t T o t a l A c t T o t a l A c t T o t a l 
Operation 
PRODUCTION DATA (CONTINUED) 
I II I I I 
Act Total 
IV 
1 2 . Draw or place oper­
ators in posi t ion. 01+ Oî  01 01 01 01 01 01 
1 3 . A. Draw a l l l ines 
in heavy. 
B. Glue down a l l 
templets and 
permanent 
par t i t ions• 
C Put models in 
p lace . 
D. Cut part i t ions 
and doors from 
p las t i c and 
glue in posi t ion. 
E. Rearrange the f o l ­
lowing equipment 
(with operators 
and stands) in the 
given order: 
1) Rotabin with 
dial scale 
2) Stock rack 
3) 5 benches 
4) Iii" D r i l l press 
5) k benches 
6) Small Engine 
lathe 
7) Do-All Band 
saw with Dr i l l 
press 
8) Boring mil l 
with Arbor press 







Act Total Think Act Total Act Total 
P R O D U C T I O N D A T A . ( C O N T I N U E D ) 
I I I I I I I V 
14• C o n s t r u c t b r i d g e 
c r a n e s y s t e m f r o m 
b a l s a w o o d , w i r e , 
a n d t h u m b - t a c k s ; 
p a i n t w i t h t e m ­
p e r a ; a n d i n s t a l l . 50 50 50 50 
15 • P r i n t e q u i p m e n t 
n o m e n c l a t u r e o n 
d r a w i n g , 50 50 
T O T A L T I M E S : 
1 9 : 4 7 = 14:45 = 7:07 = 17:42 = 
1 9 . 7 8 H o u r s 14.75 H o u r s 7 . 11 H o u r s 17.70 H o u r s 
15 02 17 20 35 32 47 
15 12 27 1:00 1:15 1:20 1:35 
O p e r a t i o n A c t T o t a l T h i n k A c t T o t a l A c t T o t a l A c t T o t a l 
10) P r e c i s i o n 
L a t h e w i t h s m a l l 
L e B l o n d l a t h e 
11) P u n c h p r e s s w i t h 
B&S #2 V e r t i c a l 
m i l l 2:37 2:£2 
S u b - T o t a l : 
If.: 01+ 4 :19 
59 
A P P E N D I X D 
D A T A E V A L U A T I O N S U R V E Y A N D C O M P U T A T I O N S 
60 
D A T A E V A L U A T I O N S U R V E Y 
M E T H O D 
I n o r d e r t o c o m p l e t e d a t a n e e d e d f o r a t h e s i s o n 
p l a n t l a y o u t , i t i s r e q u e s t e d t h a t y o u r e a d t h e f o l l o w i n g 
i n s t r u c t i o n s a n d c o m p l y w i t h t h e m t o t h e b e s t o f y o u r 
a b i l i t y . Y o u r a s s i s t a n c e w i l l b e g r e a t l y a p p r e c i a t e d . 
P o u r m e t h o d s o f p l a n t l a y o u t t e c h n i q u e s a r e t o b e 
e v a l u a t e d : 
I . D r a f t i n g ( B l o c k P o r m ) 
I I . T e m p l e t s ( C o n t o u r ) 
I I I . M o d e l s ( P r o t o t y p e ) 
I V . T e m p l e t s a n d M o d e l s ( S u p e r i m p o s e d ) 
T h e f o l l o w i n g c r i t e r i a w i l l b e u s e d f o r e v a l u a t i o n : 
A . E d u c a t i o n l e v e l r e q u i r e d t o p e r f o r m 
t h e l a y o u t 
B . M e n t a l e f f o r t r e q u i r e d t o d o t h e l a y o u t 
C . S p a c e p e r c e p t i o n a n d u t i l i z a t i o n 
a t t a i n e d b y l a y o u t e n g i n e e r 
E V A L U A T I O N 
(E) 
D . D e c i s i o n i n f l u e n c e o n m a n a g e m e n t 
I . I n t h e s p a c e p r o v i d e d b e l o w , r a n k t h e e f f e c t i v e n e s s 
o f " A " i n M e t h o d s I , I I , I I I , a n d I V b y a s s i g n i n g t h e 
m e t h o d i t b e s t s a t i s f i e s w i t h a v a l u e o f " 1 0 " d e c r e a s i n g 
t h e v a l u e s o f t h e r e m a i n i n g m e t h o d s w i t h "0" a s t h e p o s s i b l e 
l o w e r l i m i t . R e p e a t t h i s p r o c e d u r e w i t h B , C , a n d D . 
F i n i s h t h i s s e c t i o n b e f o r e r e a d i n g I I . 
B e s t s a t i s f a c t i o n o f A a n d B w o u l d m e a n l e a s t r e q u i r e d 
M e t h o d I I I I I I V 




I I . A s a s e p a r a t e p r o c e d u r e , r a n k A , B , C , a n d D i n 
o r d e r o f i m p o r t a n c e w i t h a t e n t a t i v e v a l u e o f "10" g i v e n t o 
61 
L A T A E V A L U A T I O N S U R V E Y / ( C O N T I N U E D ) 
t h e m o s t i m p o r t a n t , a n d s m a l l e r v a l u e s g i v e n t h e r e s t , a c ­
c o r d i n g t o t h e i r r e l a t i v e i m p o r t a n c e ("0" i s t h e l o w e r 
l i m i t ) . S p a c e i s p r o v i d e d b e l o w . T h e m o s t i m p o r t a n t 
e v a l u a t i o n w i l l b e t e r m e d E-]_, n e x t i m p o r t a n t E 2 , e t c . 
C o m p a r e E-, w i t h E2 + E? + E L . I f En i s p r e f e r r e d o v e r t h e 
sum o f t h e o t h e r s , t h e v a l u e s s h o u l d b e a d j u s t e d s o t h a t 
E-,>Eo + Eo + E, . S i m i l a r l y , t h e v a l u e s w o u l d b e a d j u s t e d 
i r Ei ^ E2 + E^ + E. • H o w e v e r , i f En<E 2 + Eo + E. t h e n E-j_ s h o u l d b e f u r t h e r c o m p a r e d t o E2 * E3 o n l y f o l l o w i n g t h i s 
e x a c t p r o c e d u r e t o r e f i n e i t s v a l u e < , = , o r > t h e sum o f E 2 + Eo# T h i s s t e p i s r e p e a t e d u n t i l a v a l u e - E 2 i s d e t e r m i n e d . 
T n e same p r o c e d u r e i s f o l l o w e d c o m p a r i n g E2 w i t h E~ + E> • 
R e a d j u s t m e n t s i n v a l u e s s h o u l d b e f o l l o w e d a c c o r d i n g l y . * ^ 
F o r e x a m p l e , t h e r a n k i n g m i g h t f o l l o w t h i s a c t i o n : 
A , m o s t p r e f e r r e d , B , n e x t i n i m p o r t a n c e , C , n e x t , a n d D 
l a s t . A m i g h t b e v a l u e d 10; B , 7; C , j?; a n d D , 2; t e n t a t i v e l y . 
U p o n c o m p a r i s o n , A i s n o t e q u a l t o o r p r e f e r r e d o v e r B + C + D , 
t h e r e f o r e , n o t o n l y d o e s t h e c o m b i n e d w e i g h t o f B , C , a n d D 
e x c e e d A , b u t A m u s t be c o m p a r e d t o B + C . H e r e we d e c i d e 
A = B + C . I f A = 10, t h e n B + C = 10. T h e r e f o r e , t h e v a l u e s 
f o r B a n d C a r e a d j u s t e d f r o m 7 a n d 5 t o 6 a n d i i r e s p e c t i v e l y . 
B I s e v a l u a t e d n e x t b y c o m p a r i n g w i t h C + D . I f B (6) i s 
d e c i d e d t o b e m o r e i m p o r t a n t t h a n C ( i i ) + D (2), t h e n t h e 
v a l u e o f D I s c h a n g e d t o 1. T h i s m a k e s B (6) g r e a t e r t h a n 
C + D (5) a n d d o e s n o t d i s t u r b t h e p r e v i o u s r e l a t i o n s h i p 
o f A (10) = B (6) + C (k) a n d A (10) < B (16) + C (1+) + D (1). 
E V A L U A T I O N C R I T E R I A T E N T A T I V E V A L U E F I N A L V A L U E 
( A , B , C , A S S I G N E D A S S I G N E D 
f l 
O R D ) 
62 
D A T A S U R V E Y S H E E T 
I . E v a l u a t i o n ( E ) M e t h o d CM) 
I I I I I I I V 
( P x j ) ( P 2 J ) 
A 5 7 10 8 
B i 1* 8 10 
C 2 5 8 10 
D k 6 9 10 
I I . E v a l u a t i o n C r i t e r i a P i n a l V a l u e 
P r e f e r e n c e A s s i g n e d 
E l C 10 
h 2 D 7 
E 3 B 3 A 2 
= P i l E l + P i 2 E 2 + ' • ^ P , E i n n 
= P 1 1 E 1 + P 1 2 E 2 + r 13 E 3 + Plij.E4 
= (2) (10) + ft)(7) + ( D ( 3 ) + (5)(2) 
= 2 0 + 2 8 + 3 + 10 
= 61 = 10.5% 
S i m i l a r l y , Z P J J C M J J ) = 1 1 8 = 2 0 . 3 % 
2 p i j ( M i n ) = 1 8 7 = 32.1% 
= 2 1 6 = 3 7 . 1 % 
63 
D A T A S U R V E Y S H E E T 
2. 
I . E v a l u a t i o n (E) M e t h o d (M) 
{ plj> ( p 2J> C P33> < V 
A 7 8 10 9 
B 7 9 10 8 
C k 5 10 10 
D 5 6 9 10 
I I . E v a l u a t i o n C r i t e r i a P i n a l V a l u e 
P r e f e r e n c e A s s i g n e d 
E C 10 
4 D 8 A B 6 
A 3 
= lir-3 = 1 7 . 1 $ 
= 176 = 21.C >* 
= 262 = 3 1 . : \% 
= 255 = 30.5 '4 
I I I I I I I V 
DATA SURVEY SHEET 
I. EVALUATION (E) METHOD CM) 
I II III IV 
tt- .) IJ 
F P 2 J ) 
A 2 5 7 10 
B it 5 8 10 
C 2 k 8 10 
D 7 8 9 10 




E^ D 2 
B 1 
S P L J F M I ) = kQ = 8 .6$ 
2P. . CM ) = 86 = 15.5$ 
2P. ,CM T T_) = LI+1 = 
2P FM ) = 280 = 50. W 
3. 
65 
D A T A S U R V E Y S H E E T 
I*. 
I . E v a l u a t i o n ( E ) M e t h o d (M) 
I I I I I I I V 
( V CP 2 j ) ( P 3 J ) 
A 10 10 10 10 
B 10 10 10 10 
C 2 7 5 10 
D 2 7 5 10 
IIo E v a l u a t i o n C r i t e r i a P i n a l , V a l u e P r e f e r e n c e A s s i g n e d 
E l D .0 
E 2 C 3 B 2 
A 1 
= 56 = 12 .c 
= 121 = 27.< 
2 p i j ( V = 95 = 22.0% 
2 P i j C M i v ) = 160 = 37.C 
66 
D A T A S U R V E Y S H E E T 
5. 
I . E v a l u a t i o n ( E ) M e t h o d CM) 
I I I I I I I V 
V 
A 5 7 9 1 0 
B 6 9 1 0 
C 8 9 1 0 
D 3 7 9 1 0 
I I . E v a l u a t i o n C r i t e r i a 
P r e f e r e n c e 
P i n a l V a l u e 
A s s i g n e d 
E i C 1 .0 




2 P i W = 7 8 = 1 2 . 9 $ 
2 P i s * ! * 1 = 11+8 = 21+. W 
2 P 
t J f t n i ) = 1 8 0 = 2 9 . 7 $ 
2 P . .CM ) 
i j I V 
= 2 0 0 = 3 3 . 0 $ 
67 
D A T A S U R V E Y ; S H E E T 
6. 
I* E v a l u a t i o n ( E ) M e t h o d (M) 
I I I I I I I V 
C P 2 j ) ( p 3 j > ( p 4 j> 
A 1 10 8 4 
B 1 5 10 8 
C 1 3 10 7 
D 1 3 10 7 
I I . E v a l u a t i o n C r i t e r i a P i n a l V a l u e 
P r e f e r e n c e A s s i g n e d 
E i A 10 D 8 
E 3 C 6 K B 1 
2 P l j ( M I ) = 25 = 4.6% 
= 147 = 26 . 8% 
S P i j C M I I T ) = 230 = 42.0% 
sp
ij
CMiv) = 146 = 2 6 . 6 % 
68 
D A T A S U R V E Y S H E E T 
7. 
I o E v a l u a t i o n ( E ) M e t h o d ( M ) 
I I I I I I I V 
(p2j) 
A. 0 5 io 5 
B 0 10 10 
C 0 5 8 10 
D 0 8 io 
I I . E v a l u a t i o n C r i t e r i a P i n a l V a l u e 
P r e f e r e n c e A s s i g n e d 
E l D 10 
E 2 C 8 
E3 A 2 
E k 
B 1 
S P . . ( M _ ) i j I 
0 = 0% 
2 P l j ( M I I ) = 105 = 21.9 $ 
= 174 = 36.3 
= 200 = 1+1.7$ 
69 
D A T A S U R V E Y S H E E T 
8. 
I . E v a l u a t i o n ( E ) M e t h o d (M) 
i II III I V 
V CP. . ) 
A 5 7 10 9 
B 2 6 10 8 
C 3 3 10 6 
D k 10 8 
I I . E v a l u a t i o n C r i t e r i a P i n a l V a l u e 
P r e f e r e n c e A s s i g n e d 
E i c 10 
E 2 
D 7 
E o B 2 
4 A 1 
= 67 = 
= 77 = 1 6 . 1 % 
2 P . J ! ( M T T T ) = 200 = 4 1 . 7 % 
i j III 
2p CM ) i j i v ' = 1 3 5 = 28 0 2% 
D A T A S U R V E Y S H E E T 
I . E v a l u a t i o n ( E ) M e t h o d (M) 
I I I I I I I V 
CP ) 
A 0 6 8 1 0 
B 0 5 7 9 
C 2 9 1 0 
D 1 9 1 0 
I I . E v a l u a t i o n C r i t e r i a P i n a l V a l u e 
P r e f e r e n c e A s s i g n e d 





E k A 3 
2 p . . ( M l ) = 28 = 4 . 5 $ 
2 W = 1 1 5 = 1 8 . 6 $ 
s p Cm ) 
l y i n ' = 221 = 3 5 . 7 $ 
2 P . . ( M ) 
i j I V 
= 2 5 5 = 1 1 1 . 2 $ 
71 
D A T A S U R V E Y S H E E T 
1 0 . 
I . E v 8 , l u a t i o n ( E ) M e t h o d (M ) 
I I I I I I I V 
f p 1 3 ) C P 2 j ) CP3j) 
A 10 8 6 4 
B 8 6 10 4 
C 4 5 7 10 
D 7 8 9 10 
I I . E v a l u a t i o n C r i t e r i a P i n a l V a l u e 
P r e f e r e n c e i A s s i g n e d 
% C 10 
E 2 A 8 
D 5 < B 3 
s V M i } = 1 7 9 =24.3% 
2 P i j ( M n ) = 1 7 2 = 2 3 . 3 % 
Z * i J < M I I I > = 193 = = 2 6 . 1 % 
2 P i J C V = 194 = 2 6 . 3 % 
72 
D A T A S U R V E Y " S H E E T 
1 1 . 
I . E v a l u a t i o n ( E ) M e t h o d (M) 
i I I I I I I V 
C P , . ) ( p 3 j > ( P 4 j> 
A 2 3 5 10 
B 3 6 1 0 
C 3 6 8 10 
D 3 8 1 0 
I I . E v a l u a t i o n C r i t e r i a P i n a l V a l u e 
P r e f e r e n c e A s s i g n e d 
E i c 10 
D 6 
E o B 4 
A 2 
= 64 = 13.1% 
2 P U ( M I I > = 97 = 19.8% 
= 138 = 28.2% 
= 1 9 0 = 38o 9% 
73 
D A T A S U R V E Y S H E E T 
1 2 . 
I . E v a l u a t i o n ( E ) M e t h o d (M) 
I I I I I I I V 
C P 2 j ) < P3J> 
A 3 5 8 
B 3 k 5 8 
C 5 10 10 
D 5 10 10 
I I . E v a l u a t i o n C r i t e r i a P i n a l V a l u e 
P r e f e r e n c e A s s i g n e d 
E l c 10 
E 2 D 10 
E 3 B 5 
i A 5 
S P ^ C M . ) = 120 = 1 5 . 2 $ 
i j I I 
= l l +O = 1 7 . 7 $ 
= 250 = 3 1 . 6 $ 
= 280 = 25.4$ 
7 4 
D A T A S U R V E Y S H E E T 
I o E v a l u a t i o n ( E ) M e t h o d (M) 
I I I I I I I V 
( P 2 j ) ( p3j> ( p 4 j } 
A 8 10 k 3 
B 5 8 10 
C 2 6 9 10 
D 8 10 10 
I I • E v a l u a t i o n C r i t e r i a P i n a l V a l u e 
P r e f e r e n c e A s s i g n e d 
E l D 10 
E 2 C 9 
E 3 B k 
E k A k 
2 P ^ ( M ) = 1 0 6 = 1 3 * 7 % 
i j I 
= 1 9 4 = 25.2% 
^ i j ^ I I I 5 = 2 2 9 = 2 9 . 7 $ 
2 p i j t M i v > = 242 = 31.k% 
1 3 . 
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D A T A S U R V E Y S H E E T 
Ik. 
fV fV 'V f p^ } 
A Lo 5 1 0 9 
B 5 7 1 0 8 
C 8 1 0 
D l 4 9 1 0 
I I • E v a l u a t i o n C r i t e r i a P i n a l V a l u e 
P r e f e r e n c e A s s i g n e d 
E i D 1 0 
E 2 C 7 
E3 B 3 
\ A 2 
= 59 = 1 0 . 3 % 
2 P . . C M , , ) = 1 0 6 = 1 8 . 5 % 
^ 1 J C M i n ) = 1 9 6 = 34.2% 
2 p i ^ M i v ) = 2 1 2 = 37.0% 
I I I I I I I V 




S A M P L E C A L C U L A T I O N S F O R 
B A R T L E T T ' S T E S T O F E Q U A L V A R I A N C E S 
S a m p l e S i z e = r u = 1 [ | _ s i = u n b i a s e d e s t i m a t e o f t h e 
s t a n d a r d d e v i a t i o n 
Zn± = N = 5 6 
N u m b e r o f s a m p l e s = K = 4 
S I I « 3 . 8 7 
S I I I 5 8 5 . 7 8 
S I V 5 8 6 . 6 6 
B a r t l e t t ! s T e s t i s s h o w n b y : 
F = 
f 2 M 
f - ^ b - M ) 
M = C N - K ) I n s p 2 - 2 [ f n j - 1 ) I n s^J 
2 •)->-> 
w h e r e s ^ = t h e v a r i a n c e o f t h e i U 1 1 s a m p l e ; t h e p o o l e d v a r i a n c e 
= * P 2 = 
2(n±-l)s±z 
N - K 
= 1 3 ( 3 5 . 8 8 + 1 4 . 9 8 + 3 3 . 4 1 + ¥ + . 3 5 ) 
5 6 - 4 
= 3 2 , 1 5 
I n 3 2 . 1 5 = 3 . 4 4 I n 3 5 . 8 8 = 3 . 5 8 
I n 1 4 . 9 8 = 2 . 7 1 
I n 3 3 . 4 1 - 3 . 5 1 
I n 4 4 . 3 5 = 3 . 7 9 
2 1 n S i 2 = 1 3 o 5 9 
M = 5 2 ( 3 . 4 4 ) - 1 3 ( 1 3 . 5 9 ) 
= 2 . 1 7 
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A = 1 ' 1 \ 1 3(K-1) n i - 1 / N-K 
1 ~ 4 1 
(3)(3) 13 52 = 0.0321 
f _ = k-1 = 3 






1 - A +i 
4868.5 = 5027.9 
1 - 0.0321 +1 4868.5 
f2M t ± (b-M) 
= (4868.5)(2.17) 
(3)(5027.9 - 2.17) = 0.701 
At 5% level of significance, I? , 0 / 0 = 2.60 
(3, 4.060.3) 
SAMPLE CALCULATIONS FOR 
STUDENT'S t DISTRIBUTION 
Method 










82 = • P N-K 
Student's t = 1+1 n l n2 
n ± = 14; N = 28; K = 2; 
Degrees of freedom (d.f.) = n̂_ + n̂  - 2 = 26 
For methods III and IV: 
13 [(5.78)2 + (6.66)2] 
t = 35.34 - 31.86 
24 
(1 + 1 6.24 Ilk Ik 
1.48 
At d.f. = 26, t ̂  = 1,71 
For methods I and II, 
s 
13fc5o99)2 + C3.87)2J 26 = 5.11 
80 
2 1 . 2 1 - 11.55 
t = 
5.ii 1 + 1 
= 5.07 
Ik lk 
A t d e f . = 2 6 , = 1 . 7 1 
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